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PREFACE. 



Do my readers remember the fable of the contest between 
Nature and Education? — ^*' Nature chose a vigorous young 
pine, the incipient mainmast of a man-of-war. But while she 
was feeding her pine with a plenty of wholesome juices. Edu- 
cation passed a strong rope round its top, and pulling it down- 
wards with all her force, fastened it to. the trunk of a neighbor- 
ing oak. The pine labored to ascend, but not being able to 
surmount the obstacle, it pushed out to one side, and presently 
became bent like a bow. Still, such was its vigor, that its top, 
after descending as low as its branches, made a new shoot 
upwards ; but its beauty and usefulness were quite destroyed." 

Let the pine in this short tragedy represent those childish 
faculties which long to become acquainted with the actual 
world, and the cunning senses which wait on these faculties, 
and we have a true tale of the geometrical non-culture of the 
young. 

The curiosity which speaks in children's busy eyes and 
hands should be to us the voice of Nature, bidding us make 
our beginnings early. The infant, who cannot speak, gazes 
earnestly and thoughtfully at the most common object, return- 
ing to it, and glancing from one part to another, as if to learn 
their connection. When he can walk, he goes round it, 
handling it, and studying it with all his senses. When he 
speaks, his questions are of size, form, and distance. If our 
answers are careless or unsatisfactory, his quick eyes and 
mind, not blunted by habit, detect our errors. He loves com- 
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parison of objects, and the imaginary multiplication and exten* 
sion of them ; he is pleased with the new and the different, 
and equally pleased with resemblance and equality to things 
known before. 

Happy age of natural geometry ; when each look and mo- 
tion, nay his very games, lead the boy on to the laws which 
shape the spheres and hold the planets in their course. But 
we put a rope around the pine — ^and the eye grows dull and 
careless, and the faculties are starvelings — and the youth hears 
with a stupid indiflerence what he sought instinctively ten 
years before. He no longer loves comparison — his conceptive 
faculty disdains such materials ; he cares not for properties of 
circles and triangles, things long familiar to his eye, and whose 
'closer acquaintance he does not desire. 

Feeling this injustice to nature, I sought a work on Geome- 
try, which should connect the instincts of the child with the 
studies of the youth ; which should in a pleasurable manner 
develop the powers. Inform the memory, strengthen, sharpen, 
and expand the understanding. I found some German works 
which pleased me ; particularly, one by Diesterweg, an author 
of distinguished reputation, and the Director of a Prussian 
Normal School, which treats the subject in a masterly manner, 
though it does not bring it down, as I wished, to the busiest 
and most questioning age. 

From these works, at my suggestion, the " Introduction to 
Geometry" has been prepared. Many alterations and additions 
were necessary to adapt them to the modes of instruction 
usually pursued in our schools ; but the original and natural 
mode of development has been carefully preserved, and must 
interest students of every age. 



PREFACE. V 

All is tangible, orderly, and leading to some conclusion. 
Solids are first presented, and their properties, particularly 
symmetry of form, displayed ; different solids are compared, 
and each is minutely described by the pupil, and a skeleton of 
its surface constructed. He considers the solid as bounded by 
surfaces ; the surfaces by lines ; and at last he separates the 
immaterial form from the material substance. 

Then lines are taken up, and the possible number and variety 
of their intersections are proved geometrically by interesting 
exercises, and arithmetically by series which might be difficult, 
were they not presented in so simple and orderly a manner. 
Angles are treated in the same systematic manner, and experi- 
ments are made on them, requiring much ingenuity and 
accuracy. 

Then follow the principal propositions of the Elements of 
Geometry, which are made more interesting to the student by 
introducing examples of their practical utility. The book thus 
recommends itself equally to the practical student, and to him 
to whom it is the stepping stone to more abstruse knowledge ; 
and it is hoped that it will contribute to make tKis study, which 
is nothing less than the study of the laws according to which 
the universe exists^ as popular as it should be. 

The Author op the Theory of Teaching. 

1* 
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EXPLANATION OP SIGNS 



Matheicaticuns hare adopted the following Signs to ex- 
press the operations and relations which are of most frequent 
occurrence. 

-f- is the Sign of addition. For example^ AB -f~ BC means 
that the length of the line AB is to he added to that of BC. 
It is read AB plus, (or more) BC. The result of the oper- 
ation is called ihe sum of the two lines. 

— is the Sign of subtraction. AB — CD means that the 
length of CD is to be taken from AB. It is read AB minus 
(or less) CD. The result of the operation is the difference 
of the two lines. 

X is the Sign of multiplication. AB X CD is read AB into 
CD) and the result of the operation is the prodtict, 

-f- is the Sign of division. AB -s- CD is read AB divided by 
CD, and the result of the operation is the quotient, 

^ is the Sign for greater than, AB ^ CD means that the 
line AB is longer than CD. 

^ is the Sign for less than, AB <^ CD means that the line 
AB is shorter than CD. 

s= is the Sign of equality. AB = CD means that the line 
AB is equal to the line CD. The whole forms an equof 

tion, 

2* 



ZVUl EXPLANATION OF SIGNS. 

CO is the sign of similarity. ABC <o DEF means that the 
triangle ABC is similar to DEF. 
AB means a square each side of which is equal to the line 
AB. 
To avoid the frequent repetition of the term right angle^ 
the abbreviation R. A. is substituted. Thus 2 R. A. is read 
two right angles. 



PART FIRST. 



EXAMINATION AND IMITATION. 



In the following exercises the real solid bodies should 
be presented to the scholars. The scholars should first 
examine the solid which is the subject of the exercise, 
and then solve the questions and problems which may 
be proposed. It is intended that the drawings should 
be made without the assistance of a ruler, or of math- 
ematical instruments. 



THB CUBE. 

1* WIuU is to be remarked in the Cube 7 

In the cube we remark 6 surfaces, — 1 upon which it 
rests, 1 opposite to that, and 4 upright surfaces; 12 
straight lines which bound the surfaces,— 4 above, 4 
below, and 4 upright; 24 angles made by the meeting 
of these straight lines, 4 in each surface; 8 comers made 
by the meeting of 3 surfaces, — 4 above and 4 below; 
12 angles made by the meeting of 2 surfaces, — 1 at each 
straight line ; 3 surface axes, that is, imaginary straight 
lines from the middle of one surface to the middle of the 
opposite surface, upon which the cube may be supposed * 
to turn ; 4 comer axes, or imaginary straight lines pas8« 
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ing from comer to comer, through the middle pomt of 
the cube ; 6 line axes, or imaginary straight lines passing 
through the cube as before and joining the middle 
points of two lines. 

Each of these surfaces is a plane surface, or simply a 
plane ; that is, if we take two points in any part of it 
and connect them by a straight line, such line will touch 
the surface through its whole length. The surfaces of 
the cube, and indeed of every solid bounded by planes, 
are called the faces of the solid ; the lines where the 
faces meet are called edges or sides. The angles made 
by the meeting of two faces are called plane angles ; 
the corners, or angles made by the meeting of 3 faces, 
are called solid angles. 

9. Let us seek if any of the parts which have been 
mentioned are equal one to another. Each corner is of 
the same size and shape as each of the others. All 6 
faces are equal one to another. No side is longer or 
shorter than another side ; all are equally long. All the 
24 line angles are equal. Each face has 4 equal angles. 

A figure having 4 angles is called a tetragon^ from two 
Greek words, meaning fotur and angle ; or more ocxn- 
monly a quadrilaleral, which means fotsr-sided, because 
it has also 4 sides. Every quadrilateral in which all the 
sides and angles are respectively equal, one to another, 
is called a ^g^are; thus, the faces of the cube are 
squares. Every angle of the square is a right angle ; that 
is, such an angle as is made by one straight line meet- 
ing another so as to make the adjacent angles, (that is, 
the angles made on each side of itself,) equal ; such 
lines are perpendicular one to the other. Thus, the adja- 
cent side? of the cube are perpendicular to one another,: 
because they make right angles with each other. Thci 
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faces also make right angles with one another, and are 
therefore perpendicular. 

The opposite faces of the cube are parallel to each 
other ; that is, they are in all parts at the same distance 
from each other, and would never meet however far they 
were extended in every direction. If the cube lies upon 
one of its faces upon a table, the surface of which is 
parallel to water at rest, the position of such face and of 
its bounding lines is horizontal; the position of the op- 
posite face and its bounding lines is also horizontal ; the 
faces have like positions, they are parallel. The other 
faces of the cube have an upright or vertical position ; 
that is, such a position as a leaden weight, hanging 
freely, gives to a string. 



QTTESTIONS. 

1. What relative positions have the faces of the 
cube? Which are opposite to one another? 

2. To how many edges is each edge of the cube per- 
pendicular? 

3. To how many faces of the cube is each edge per- 
pendicular? 

4. To how many faces is each face perpendicular? 

5. How many faces of the cube are parallel one to 
another ? 

6. If the cube lies on a horizontal surface, how many 
of the edges will have a horizontal, and how many a 
vertical position ? 

3. You may now draw upon your slate all that has 
been remarked in the cube. 

1 . Straight lines. Draw straight lines from above to 
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below, from below to above, from the left to the right, 
from the right to the left, from left below to right above, 
from right below to left above, from left above to right 
below, from right above to left below. Draw, in each 
of the foregoing 8 directions, 6 straight lines parallel to 
one another, and of equal length. 

Draw 2 straight lines which shall touch at one 
point. 

Draw many pairs of lines which shall come together, 

if produced, that is, made longer. 

Draw many lines, which, if produced, will form one 
line. 

2. Angles, Draw two straight lines which shall be 
perpendicular to one another, and thus make a right 
angle. 

Make right angles in all the positions in which you 
have drawn the first straight lines. 

Point out the lines on the walls or furniture of this 
room which appear to form right angles. 

3. Faces. Draw lines forming a square. 
Draw many squares in different positions. 

Draw 6 squares of which each succeeding one shall 
be larger than the one preceding it. 

Draw many pairs of squares, in each of which one 
square shall be equal to the other. 



THE TRIANGULAR PRISM. 



4. We will now examine this upright triangular 
prism. It is bounded by 5 faces ; 2 of these are trian- 
gles, that is, figures having 3 angles ; and 3 are quad- 
rilaterals. The 2 triangles are placed opposite one to 
the otitier, are parallel, and of equal size, and their sides 
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are of equal length ; they are called the bases of the 
prism. From the form of the bases the prism takes its 
distinctive qame ; thus the cube is a quadrangular prism. 
In the triangular prism the 3 quadrilaterals touch one 
another ; each joins the other two ; together they form 
tlie convex surface of the prism. Upon the triangles it 
is said to stand; upon the quadrilaterals to lie. 

The triangular prism has 6 corners, or solid angles. 
If the prism stands, 3 corners are placed above and 3 
below ; if it lies, 4 corners will be below, 2 above. At 
each corner 3 line angles meet. 

Each triangle is bounded by 3 edges or sides; each 
quadrilateral by 4. There are 9 sides ; each side belongs 
to two figures ; 6 of them, each to one triangle and one 
quadrilateral; the other 3, each to two quadrilaterals. 
At each comer 3 sides meet. In this prism the 3 sides 
belonging solely to the quadrilaterals are perpendicular 
to those which belong also to the triangles; the sides of 
the triangles are not perpendicular one to another. The 
opposite sides of the quadrilaterals are parallel each to 
each. The 6 sides common to the triangles and quad- 
rilaterals are equal one to another; the 3 sides which 
belong to the quadrilaterals alone are likewise equal one 
to another. 

S. We will now consider the angles. 

1. The plane cuigles. At each side there is a plane 
angle. The triangular prism has 9 plane angles; 6 at 
the sides common to the triangles and quadrilaterals, 
and 3 at those which belong to the quadrilaterals alone. 
In this prism the former are right angles, the latter are 
not right angles. 

2. The line angles. Each triangle has 3 line angles, 
each quadrilateral has 4. Thus in the 2 triangles there 
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are 6 ; in the 3 quadrilaterals there are 12 ; consequently 
in the whole prism there are 6 -f- 12 = 18 line angles. 
Three of these angles meet at each comer. The 12 
angles of the quadrilaterals are right angles. The 6 
angles of the trismgles are not right angles. The cor- 
responding angles of the two triangles in all prisms must 
have a like position ; and the lines which form the cor- 
responding angles are respectively parallel. 

In the triangles each side is opposite to an angle ; in 
the quadrilaterals each side is opposite to another side, 
and each angle to another angle. 

In the triangular prism we can suppose 1 surface axis ; 
3 edge-face axes ; 6 corner-edge axes. 

We will now examine triangular prisms which arc 
not upright, those whose bases have unequal sides, and 
those which are truncated so that their bases are no 
longer parallel to^tvie another. 

6. Angles which are not right angles have the com- 
mon name of oblique angles. An oblique angle may be 
greater or less than a right angle ; if it be greater than 1, 
but less than 2 right angles, it is called an obtuse angle ; 
if it is greater than and less that 1 right angle, it is 
called an acute angle. We compare these angles with 
a right angle, because the magnitude of a right angle is 
constant, and always remains equal to itself. It follows 
from the definition of a right angle, that all right angles 
are equal. But all obtuse angles are not equal ; neither 
are all acute angles equal. 

The magnitude of an angle does not depend upon the 
length of the lines which form it, and which are called the 
sides or sometimes' the legs of the angle ; but upon their 
inclination one to the other. We may make the sides 
longer or shorter, still the magnitude of the angle re* 
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mains the same ; but change the mutual mclinatiooi of 
the sides, and the magnitude of the angle is changed. 

7. A quadrilateral in which the sides opposite to 
each other are parallel, is called a parallelogram. 
Draw upon your slates the following figures :— 

1. A right angle ; an obtuse angle ; an acute ang^a 

2. 6 acute angles ; of which each succeeding shall be 
greater than that which precedes it 

3. 6 obtuse angles ; of which each succeeding shall 
be greater than the one which precedes it 

4 A parallelogram. 

5. 2 parallelograms ; one with right angles, and the 
other with oblique angles. 

6. Parallelograms in which two of the sides shall be 
twice, thrice, 4 times longer than the other two. 

7. A parallelogram having its sides equal and its 
angles equal ; that is, a square. 

8. A parallelogram in which all the angles shall be 
right angles, but the sides shall not be equal; that is, a 
rectangle. 

9. A parallelogram with equal sides, but unequal an- 
gles, that is, a rhombus or lozenge ; theji a parallelogram 
with unequal sides and unequal angles \ that is, a rhovnr- 
bold. You will remark that in the rhomboid, as also in 
the rectangle, the sides opposite to each other are equal. 

10. A quadrilateral having two sides parallel to each 
other, the other two not parallel; that is, a trapezoid; 
then a quadrilateral having no two sides parallel, that 
is, a trapezium,, 

11. A triangle with one right angle; called a rigkt 
angled triangle, or simply a right triangle. 

A triangle with one obtuse angle; called an Muse 
angled triangla 

3 
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A triangle with three acute angles ; called an acuUf 
angled triangle. 

A triangle with three equal sides; called an equi- 
lateral triangle. 

A triangle with two of its sides equal; called an 
isosceles triangle. 

A triangle with no two sides equal ; called a scalene 
triangle. 

Note. — Other prisms, as the pentagonal, hexagonal, 
&;c., may be examined in a similar manner. 

8« A figure bounded by straight lines is called a rec- 
tilinecU figure or polygon. A polygon is regular if all its 
sides are equal, and all its angles are equal ; otherwise 
it is irregular. 

Curvilineal figures are bounded by curved lines ; and 
mixtUineal partly by curved, and partly by straight lines. 

9. Draw upon your slates the following figures : — 

A triangle with equal sides and equal angles, that is, 
a regular triangle. 

A regular quadrilateral ; a regular 5-sided figure, that 
is, di pentagon. 

A regular 6-sided figure, that is, a hexagon. 

A regular 7-sided figure, that is, a heptagon. 

A regular 8-sided figure, that is, an octagon. 

A regular 9- sided figure, that is, a nonagon. 

A regular 10-sided figure, that is, a decagon. 

An irregular triangle, quadrilateral, pentagon, &c., to 
the decagon. 

THE CYLINDER. 

<•• Let us now examine the cylinder. A round pillar 
is a cylinder standing up ; a roller is a cylinder lying 
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down. The cylinder is bounded by 2 plane surfaces, and 
1 curved surface. The 2 plane surfaces, called the bases 
of the cylinder, are parallel; they are of equal size, and 
each is bounded by a curved line, all parts of which are 
equally distant from the middle point of the surface. In 
this upright cylinder the bases are perpendicular to the 
curved surface, or convex surface of the cylinder, as the 
whole taken together is called. The convex surface is 
curved in one direction ; in the direction from one base 
to the other straight lines may be drawn in it. We can 
suppose a straight line joining the middle of the bases ; 
this is the axis of the cylinder. 

If we suppose a rectangle to revolve about one of its 
sides as an axis, the side opposite to this axis will de- 
scribe the convex surface of the upright cylinder, and 
the other two sides will describe its bases. 

We will now examine the oblique cylinder, the fluted 
cylinder; and the cylinder which has been cut la a 
direction not parallel to the base. 

11. A surface no part of which is plane is called a 
airved surface. A plane surface bounded by a curved 
line, all parts of which are equally distant from the mid- 
dle point, or centre of the plane, is called a circle. The 
curbed line bounding it is called a circumference. The 
term cirele is sometimes improperly used for drcumfer- 
ence ; but a circle is a surface ; a circumference is a line 
bounding such surface. Any portion of the circumfer- 
ence is called an arc, from a Latin word meaning a bow; 
a straight line joining the two extremities of an arc is 
called a chord, from a Latin word meaning a string. A 
chord divides the circle and its circumference into two 
parts; each portion of the circle is called a segment; each 
portion of the circumference is an arc; thus a segment 
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is a surface ; an arc is a line. If the chord passes through 
the centre of the circle it is called a diameter j and it will 
divide the circle and its circumference into two equal 
parts, called respectively semi-cirdes and send-circum^ 
ferences. A straight line drawn from the centre to any 
point in the circumference is called a radius. Two radii 
drawn in directly opposite directions form a diameter. 
A straight line which, however far it may be produced 
in both directions, touches the circumference only at 
<Mie point, is called a tangefU: the point where it touches 
the circumference is called the point ofcaiUact, 

19, Draw upon your slates these lines and figures: — 

A circumference; mark the centre of the circle. 
Draw a radius, a diameter, another chord, and a tan- 
gent. 

Six circumferences of circles having a common centre. 

Two circumferences intersecting each other. 

Divide a circle and its circumference into 4 equal 
parts by diameters. 

An equilateral triangle in a circle, so that the sides 
of the triangle i^all be chords of the circle. 

An equilateral triangle about a circle, so that the 
sides of the triangle shall be tangents to the circle. 

A square in a circle. A circle about a square. 

A square about a circle. A circle in a square. 

A regulfir pentagon in a circle. A circle about a 
regular pentagon. 

A regular pentagon about a circle. A circle in a 
regular pentagon. 

Note. — The pt/ramid, the cone^ and the sphere can be 
examined and treated in a manner similar to that in 
which we have treated the prisms and the cylinder. 
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1S« Let us now compare together the cube, the tri- 
angular prism, and the pentagonal prism. In order to 
avoid the frequent repetition of the names, we will desig* 
nate the triangular prism by the letter A, the cube by 
B, and the pentagonal prism .by G. 

1. Surfaces, All three bodies are bounded by planes ; 
A by 5 ; B by 6 ; and C by 7. The convex surface of 
each is composed of rectangles ; A has 3 ; B has 6 ; C 
has 5. A is likewise bounded by 2 triangles ; C by 2 
pentagons. 

2. Canuers or sMi angles, A has 6; B has 8; C 
has 10. 

3. Edges or sides, A has 9 ; B has 12 ; C has 15. 
A has 6 sides equal one to the other, and 3 equal one to 
the other ; B has all the sides equal. C has 10 equal 
one to another, and 5 equal one to another. 

4. Plane angles. A has 9 ; B has 12 ; C has 15. lu 
A 6 are right angles, and 3 acute angles. In B there 
are 12 right angles. In C are 10 right angles, and 5 
obtuse angles. 

5. Line angles. A has 18 ; B has 24 ; C has 30 line 
angles. 

In A 6 angles are acute, and 12 are right angles ; in 
B all the 24 angles are right angles ; in C 20 are right 
angles, and 10 are obtuse angles. At each comer of A 
are 2 right and 1 acute angles ; at each comer of B are 
3 right angles ; at each comer of C are 2 right and 1 
obtuse angles: thus we have 2 right angles at each 
comer of each of these bodies. 

6. Axes. Face axes A has 1. B 3. C 1. 

Comer axes A 

Edge axes A 

Corner face axes A 
Comer edge axes A 
3« Edge face axes A 



0. 


B4. 


0. 


0. 


B6. 


C 0. 


0. 


BO. 


0. 


6. 


BO. 


OlO. 


3. 


BO. 


6. 
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% 

DRAWING THE OUTLINES OF THE SOLID BODIES. 

14* We will now endeavor to represent upon a plane 
surface the 5 faces of the triangular prism in connexion. 
This body is bounded by 2 equilateral triangles opposite 
one to the other, and 3 rectangles in contact one with 
smother; and our drawing, or diagramy must conform 
to this. We must therefore construct 3 rectangles in 
contact, and the 2 triangles, one at each end qf one of 
the rectangles. (Fig. 1.) 

In a similar manner may be represented the quadran- 
gular, pentagonal, and hexagonal prism; the cube; the 
cylinder ; the cone ; the triangular, quadrangular, pen- 
tagonal, and hexagonal pyramid. (Figures 2 to 11.) 

Note, — ^It would be useful to have these representa- 
tions of the solid bodies drawn on pasteboard, the figure 
cut out all round, and incisions made in the lines where 
the several parts of the bodies unite, so that the paste- 
board may bend and form the bodies drawn upon it By 
means of these the truth of the representations will at 
once be perceived. 



THE aSOtTLAK SOLIDS. 



Iff. A regular solid is one, all the faces of which are 
equal regular polygons; that is, in which all the line, 
plane, and solid angles, all the faces, and all the sides, are 
respectively equal. There are five regular solids, the 
names of which are formed from the Greek word signi- 
fying seaif or face, combined with the Greek numeral 
denoting the number of seats or faces in the solid. 

1. The teirctedrwi, which is bounded by 4 equilateral 
trian^es. 



EXERCISES ON FiOU&SS. 13^ 

8. The oct4iedron, bounded by 8 equilateral triangles. 

3. The icosaedrouj bounded by 20 equilateral tri- 
angles. 

4. The hexaedron^ or cti&«, bounded by 6 squares. 

5. The dodecaedron^ bounded by 12 regular pentagons. 
The name palyedron is used to denote any sdid 

bounded by planes, whether it be regular or irregular. 
It is derived from the Greek, and signifies numtf^faced. 
Exercises, similar to those which have preceded, may 
be performed with the regular solids. It will be very use- 
ful to have models of these solids, made either of wood 
or pasteboard. The scholars may make these models 
for themselves, of clay, turnips, potatoes, &c. It will be 
very useful for them to draw upon paper, or some plane 
surface, a skdetoUj or representation of the faces of each, 
as they are shown in figures 5, 77, 78, 79, 80. 

EXERCISES O^ FIGURES. 

16« The tocher may dictate to the scholars a figure, 
tiiat is, he may tell them what lines to draw upon their 
slates ; or he may himself draw a figure upon the board, 
and desire the scholars to tell, or draw, all that they 
remark in the figure. A few examples will suffice to 
show the mode of proceeding. 

Write down all that you remark in this figure, (having 
drawn figure 12.) The scholars will find as follows. 

Figures. 1 square; 4 triangles,— «ach composed of 
2 triangles; 4 smaller triangle^^; 4 pentagons. 

Lines. 6. lines,— 4 which bound the square, and 2 
inside the square ; 3 lines meet at each corner ; the two 
iat^ior lines cut each other at one point 

Angl^. 4 angles in the square ; 4 at the point in the 
middle; the 4 angles of the square are divided into 8 
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parts ; in the 4 large triangles are 12 angles; and in the 
4 small triangles there are likewise 12 angles; 4 right 
angles in the square; 4 right angles at the middle point; 
8 acute angles in the triangles. 

IT. The bounding lines of the square, or of any poly- 
gon, taken together, form the perimeter of such polygon. 
The straight lines within the square are called diagonals; 
thus a diagonal is a straight line joining the vertices of 
any two angles of a polygon, which are not already 
connected by one of the bounding lines. 

18. Tell me all that you remark in this figure. 

(Pig. 13.) 
Figures. RedUineal. The same as in fig. 12. 
CurvUineaL I circle. 
Mixtilineal. 4 large and 4 small two-angled 
figures ; 4 large and 4 small triangles. 

Lines, Straight. The same as in fig. 12. 

Curved. 1 circumference ; 4. semi-circum- 
ferences; 4 quarter-circumferences; 4 
three-quarter-circumferences. 

Angles. Rectilineal, The same as fig. 12. 

MLttilineal. 8 mixtilineal acute angles ; 8 
mixtilineal right angles: 8 mixtilineal 
obtuse angles. 

19, We will now draw a figure from dictation; 
each one upon his slate. 

A straight line ; bisect it, that is, divide it into 2 equal 
parts ; at the division point draw a line perpendicular to 
the first line, and of the same length ; bisect the per- 
pendicular; connect the end and middle points of the 
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perpendicular by straight lines with the end and middle 
points of the first line. 

Now write down all that has been done ; mention the 
figures that are formed ; and whatever you remark in 
those figures. 

90. In the preceding exercises we have become 
acquainted with : — 

1. A Solid, which has extension in length, breadth, 
and thickness. 

2. A Surface, which is the boundary of a solid, hav- 
ing extension in length and breadth only. 

3. A Line, which is the boundary of a surface, and 
has extension only in length. 

4. A Point, which is the extremity of a line, and has 
only a position ; it has no extension, either in length, 
breadth, or thickness. 

The science which treats of the measure of extension 
is called Geometry, from two Greek words which 
signify to measure land; thus denoting the purpose to 
which the science was first applied. 



PART SECOND. 



BECKONING AND CONSTBUCTION. 



I. Points. 

31 • Let us consider how often 2, 3, 4, or more points 
can be placed in a different order of succession. We 

will first take 

2 points^ which we will designate by the letters a 
and b, ^ 

We may have a on the left, b on the right ; 

a on the right, b on the left. 

Thus we have 2 ways, ab^ba^ that is, 1x2. 

3 points, a, b, e. Two points give 2 ways, ab, ba. 
Now take c with a b. It may occupy the 3d, 2d, or 1st 
place. This gives a be, acb, cab, 3 ways. Now take 
c with b a, and we shall again have 3 ways, bac, be a, 
c b a, — in all 6 ways, that is, 1 X 2 X 3. 

4 points, a, b, c, d. We can take the six preceding 
ways, and add the 4th point d to each of the 6. The 
1st was abc; add d; it may occupy either the 4th, 3d, 
2d, or 1st place; thus, abed, abdc, adbc, dabc^ 
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in all 4 ways. Just so each of the above 6 gives 4 
ways, therefore in all 4 X 6=24= 1x2x3x4 

By observing the several series of numbers, which 
we have found, we may determine the general rule. 
On the addition of each successive point, the number 
of the preceding ways has been multiplied by the 
number which denotes the present number of points. 
Therefore to find the number of different combinations 
which can be made with any number of points ; Mul-' 
tiply together the natural series of numbers from one up 
to, and including, thai number which denotes the number 
of the given points. 



Whai is the greatest number of points at which 
any given number of straight lines may intersect one 
another 7 

Answer. 2 straight lines can only touch each other 
at one point, and this point is common to the 2 lines. 

3 straight lines. The 3d line may intersect each of 
the preceding ; and thus we have 2 points more ; this 
gives in the whole 1 + 2 = 3 points. 

4 straight lines. The 4th line may intersect each of 
the other 3, and thus we have 3 new points ; 1 4~ 2 -{- 3 
= 6 points, (fig. 14.) 

In a similar manner the 5th line may intersect each 
of the other 4 lines, and in general each successive line 
may intersect all which precede it. Thus with each 
successive line there will be as many new points as 
there were lilies already. 

The 6th line gives 6 new points. 
7th " " 6 " « 
100th " " 99 " " 
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Rule. To find the greatest number of points of intern- 
section^ which a given number of straight lines may 
make : add together the natural series of numbers from 
1 up to, but without including, thai number which makes 
the number of lines* 

1 line gives points. 

2 lines give 1 " 

3 " « 1 + 2 = 3 " 
20 « « 1 + 2 + 3 + .. ..+19=190 " 

We can arrive at the same result by a shorter process. 
It is evident that straight lines may be drawn in such a 
manner, that each line shall intersect all the others. 
Take, fiir examine, 20 lines ; each of these may inter- 
sect the other 19. Thus there will be 19 points in each 
line; this would give in all the lines 19x20=380: 
but each point is common to two lines ; we must there- 
fore divide this product by 2 -, thus for 20 lines we have 

20 X 19 

— - — = 190. Thus we get another rule ; Multiply 

the number of Knes ^the same number less 1, and divide 
this product by 2. 



We win now reverse the operation. Let us sup- 
pose the greatest number of points at which a certain 
number of straight lines can intersect one another to be 
45 ; what is the number of lines 7 

Answer. We have already learnt that the nundber of 
intersection points is the half of the product of two num- 
bers differing from each other only by 1. We must 
therefore multiply the given number by 2, and then seek 
for two numbers, differing from each other only by 1, 
which multiplied together will give this product. For 
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example, 45 X 2=90 = 10 X 9; therefore the number 
of lines which Will gire 45 points of intersection is 10. 

34. The intersecting straight lines may be divided 
into many sets. 

We will first suppose them to be divided into 2 sets, 
and will consider several different cases. 

1. The lines of. each set parallel among themselves. 
Example. Six lines are divided into 2 sets, one of 

which has 4 lines and the other 2 lines ; the 4 are paral- 
lel one to the other, and the 2 are parallel to each other* 
What is the greatest number of intersection points? 
Answ&r. Each line of one set intersects each line of the 
other set, thus we have 4x2 = 8. 

Ten straight lines may be divided into 2 sets as fol- 
lows : — 

9 and 1, which gives 9 X 1 ="9 points. 
8 and 2, " " 8x2 = 16 " 
7 and 3, " " 7x3=21 " 
6 and 4, " " 6x4=?=24 " 
6 and 6, « " 5x6=26 " 

Observe the series of numbers, 9, 16, 21, 24, 26 ; the 
differences between the successive numbers form the 
series 7, 5, 3, 1. 

2. The lines of each set intersecting 4mumg themselves 
at one pointy as in this figure. (Fig. 16.) Here the 
lines of each set give one intersection point among them- 
selves. The lines of one set also intersect the lines of 
the other. Multiply the number of lines in one set by 
the number of lines in the other set, and add 2 to the 
product ; we shall tlms have the number of intersection 
points. 

4 
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The number 12 being divided into 

10 and 2 gives (10 X 2) + 2=22 points. 
9 and 3 " (9x3) + 2=29 " 
8 and 4 " (8x4) +2=34 " 
7 and 5 « (7x5) + 2=37 " 
6 and 6 " (6x6) +2=38 « 

3. TAe lines of one set parallel to one another, and 
uhe lines of the other set intersecting one another at one 
point. In this case each line of the second set intersects 
each line of the fiiSt set, and the lines of the second set 
give one intersection point besides. To ascertain the 
whole number of points, we must multiply the numbers 
of the two sets together and add 1 to the product 

. Example. Divide the number 16 into 2 sets as fol- 
lows, the 1st column being the number of lines in the 
set of parallels. 

14 and 2 give (14x2) + l=29 

13 and 3 " (13x3) + l = 40 

12 and 4 " (12X4) + 1 = 49 

Hands " (11X5) + 1=56 

10 and 6 " (10x6) + 1=61 

9and7 " (9x7) + l = 64 

8 and 8 « (8x8) + l = 66 

The series of numbers, 29, 40, 49, 56, 61, 64, 66, 
gives the series of differences 11, 9, 7, 5, 3, 1. 

4. The lines of one set parallel^ and the lines of the 
other set intersecting one another at the greatest number 
ofpqints. Each line of the second set intersects each 
line of the first set ; the number of points at which the 
lines of the 2d set intersect one another must be calcu- 
lated by the rule before given, (99«) The number 20, 
for example, being divided 



« 
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Into 18 and 2, gives (18 X 2) + i^=37 

17 and 3, « (17x3)+^^=64 

16 and 4, « (16x4) + ^^=70 

16 and 5, " (15x6) + ^^=85 

14 and 6, " (14x6) +^^ = 99 

13 and 7, « (13x7) + ^^ = 112 

12 and 8, " (12 x8) + ?^=124 

11 and 9, " (11 X 9)+?^*= 135 

10v9 
10 and 10, « (10 X 10)+^:^ = 145 

The series of numbers, 37, 64, 70, 85, 99, 112, 124, 
135, 145, gives a series of differences 17, 16, 15, 14, 13, 
12, 11, 10. 

By continuing the preceding calculations, (1, 2, 3,) a 
series of differences is obtained, the reverse of those 
already obtained. 

By continuing the calculation for lines divided into 
sets in this manner, (4, 6,) the series simply progresses. 

5. The Knes of one set intersecting one another at the 
greatest number of points, and the lines of the other set 
intersecting one another at one point. 

In this case, first calculate the number of points in the 
first set ; then multiply the number of lines of the 2d set 
by thf number of lines in the 1st set, because each line 
of the one set intersects each line of the other set, and 
add 1 to the product, because the lines of the 2d set also 
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inteiFect one another at one point. Divide the number 8 
into 6 and 2, it gives ^^+ (6 X 2) + 1=28 
into 6 and 3, « ^^+(5x3) + l=26 

into 4 and 4, " i^+(4x4) + l=23 ' 

9ff. Let us now suppose the lines to be divided into 
3 sets. 

1. The lines in each set parallel among themselves. 
In this case each line of one set can intersect each line 
of the other two sets. To find the greatest number of 
intersection points, the numbers which the sets contain 
must be multiplied together in pairs. If then the num- 
bers in the 9 sets be 

6. 2, and 2, we have (6x2)+(6x2)+(2x2)=28 points 

5. 3, and 2, " (6x3)+(6x2)+(3x2)=3I « 

4. 3, and 3, " (4x3)+(4x3)+(3x3)=33 « 

4. 4, and 2, " (4x4)+(4x2)+(4x2)=32 " 

2. The lines of the 1st and 2d sets parallel among 
themsehesj and the lines of the Zd set intersecting one 
another at one point. In this case, the lines of the first 
two fiCts intersect one another, and the lines of the 3d 
set, besides intersecting all the Unes of the other two, 
give one intersection point among themselves. If the 
numbers in the 3 sets be 



8, 2, 2 we have (8x2)+[(8+2)x2] + 1 =37 points 
7, 3, 2 " (7x3)+[(7-[-3) x2] + 1 = 42 
7, 2, 3 " (7x2)+[(7+2) X3] + 1 = 42 
6, 4, 2 " (6x4)+[(6+4) x2] + 1 = 45 
6, 2, 4 " ,^6x2)+[(6+2)x4] + 1 = 45 
6, 3, 3 « (6x3)+[(6+3)x3] + 1 =46 



u 
tl 
u 
u 
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3. The lines of each set intersecting among themselves 
at 1 point. In this case every line of each set intersects 
every Une of the other 2 sets, and there are 3 points 
besides. Therefore the numbers in the 3 sets must be 
multipUed together in pairs, and 3 be added to the pro- 
duct. 

Suppose the number in the 3 sets to be 

3,3,3wehave(3x3) + (3x3) + (3x3) + 3= 30 
4,4,4 " (4x4) + (4x4) + (4x4) + 3= 51 
0, 6, 6 « (6X 6) + (6 X 6) + (6 X 6) + 3=Hl 

6.3.4 « (2x3) + (2x4) + (3x4) + 3= 29 

3.4.5 " (3x4) + (3x6)-f(4x6) + 3:= 50 

4. TTie lines of the 1st set parallel to one another : 
those of the 2d set intersecting one another at 1 point ; 
those of the 3d set intersecting one another at the greatest 
number of points. The calculation must, be made ac- 
cordingly. If the 3 sets are 

5.6.5 wehave (6 x6)+l+[(6+6) x6]+(^)= 86 ps. 

6.6.6 " (6x6)+l+[(6+6)x6]+(^)=124 « 
8,8,8 « (8x8)+l+[(8+8) X8]+(^)=221 " 
6,10,4 " (10x6)+l+[(6+10)x4]+(^)=131" 

n. Lines. 

96. Let us now calculate how many straight lines 
may be drawn between a given number of points, of 
which only two lie in the same direction. 

I. Between 2 points, only 1 straight line can be 
drawn, and these determine the length and position of 
the line ; a straight line, drawn from the 1st point to the 
4* 
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2d, will coincide with a straight line drawn from the 
2d to the Ist. To coincide is to fall on, and exactly fill 
the same space. 

2. Between 3 points. In this case we may have 3 

distinct straight lines, viz., from the 1st point to the 2d, 

from the 2d to the 3d, from the 3d to the 1st We can 

state it in this manner ; from each of the 3 points straight 

lines may be drawn to the other 2 points ; thus, from each 

point 2 lines; consequently, from the 3 points 3x2=6 

lines. But each line is thus counted twice; for the 

straight line from the 1st point to the 2d is the same as 

that drawn from the 2d to the 1st ; therefore the product 

•3x2 must be divided by 2. The number of straight 

3x2 
lines that can be drawn between 3 points is — g — =3. 

3. Between 4 Points. Straight lines may be drawn 
from each of these 4 points to each of the other points ; 
thus from each point 3 straight lines, and therefore from 
4 points 4 X 3 = 12 straight lines. For the reason be- 
fore given, this is twice the real number ; the true num- 

bens— 5— =6. 

4. Between Jive or more points. We may take any 
number of points, the process will be the same. Straight 
lines can be drawn from each point to every other point. 
Therefore from each point as many lines can be drawn 
as there are points less 1. We can now form the gene- 
ral rule. Multiply the whole number of points by the 
same number less 1, and ditride the produt^ by 2. 

7x (7 n 

Between 7 points may he-^ — ^ 4=21 lines. 

« 12 " 12 X (12 ^) — 66 a 

u 60 » 60X(50-I)^^ggg, 
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The converse problem should be solired, namely, the 
nmnber of straight lines which may be drawn between 
an unknown number of points being given, required the 
number of points. 

37. Every part of a straight line which is bounded 
by two points in that line, is called an extent Two 
or more contiguous extents form together a compound 
extent. 

We will now calcidate the number of single extents 
between a given number of points in a straight line. 

Between 2 points lies 1 

3 " "2 

4 « "3 

10 « « 10—1 

Thus the number of single extents between any 
number of points in a straight line is one less than the 
number of points. 

We will now calculate the number of single and 
compound extents between a given number of points in 
a straight line. 

2 paints. Between 2 points lies 1. 

3 points. From each point to every other point may 
lie one. Thus from 3 points there would be 3 X 2 = 6 ; 
but as each line goes out from 2 points, and has there- 
fore been reckoned twice, the true number of extents is 
i(3x2) = 3. 

4 or more points. From every point may proceed as 
many extents as ^re are points beside this one. There- 
fore to find the number of single and cmnp&und extents 
in a straight line, muUiply the given mimber of points 
by the same number less 1, and divide this product by 2. 
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2x1 

Between 2 points may lie — ^ — = 1 

" 3 " " *^ ^ «__ 3 

2 
« 12 " ** l^X 11 gg 



98. Tr%a^ 19 /A« greatest number of diagonals which 
can be drawn in any polygon ? 

Answer, 1. A triangle can have no dia^nal, for 
the vertex of each angle is already connected with the 
vertices of each of the others. 

2. A quadrUatercU. One diagonal can be drawn from 
the vertex of each angle to the vertex of one of the 
others. But each diagonal connects 2 vertices, there- 
fore there can be only two diagonals in a quadrilateral. 

3. In a pentagon are 5 vertices ; each is connected 
with 2 others by the bounding lines ; therefore from 
each vertex only 2 diagonals can be drawn ; from the 5 
vertices 2 X 5 = 10 ; but &is is double the real num- 
ber, which is —5 — ==s6. 

4. If we extend the examination to hexagons, we 
shall find that so many diagonals can be drawn from 
the vertex of each angle of a figure, as the figure has 
sides less 3 ; each vertex being already connected with 
2 others by the bounding lines. 

Rule. To Jind the number of diagonals that may be 
drawn in a polygon, midiiply the number of its sides or 
angles by the same number less 3, afid divide, this pro^ 
duct by 2. 



In a triangle ' — - = diagonals. 

4(4 S) 

quadrilateral ^ ^ — ^ =2 " 



5(5_3) 
pentagon ^ _ — £ = 5 



« 



99» Suppose the greatest number of diagonals which 
can be drawn in a polygon to be 35, how many sides has 
the polygon 7 

Ay^swer. This number 35 is the half of a product 
found bj' multiplying together two numbers, whose dif* 
ference is 3. We must therefore seek for two numbers 
whose difference is 3, and whose product is 70. These 
numbers are 10 and 7. The figure has 10 sides. 

90* We will now calctdate the whole number of ex- 
tents which may lie between the points of intersection of 
straight Unes intersecting one another at a given numAer 
of points. : 

Suppose the lines intersect at the greatest number of 
points. After finding the greatest number of points 
(33) in which each line is intersected, we must find 
the number of extents in each line, (37,) and multiply 
this product by the number of lines ; we shall thus get 
the whole number of extents. 

Example. If 6 straight lines intersect at the greatest 

number of points, then each line will intersect the other 

5 lines. In each line will be 5 points of intersection, and 

5x4 
between 5 points lie —^ — == 10 extents ; thus between 

the points of intersection of the 6 lines lie 6 X 10 = 60 
extents. 

In 7 straight lines there will be 7 — 1 = 6 points in 
each: 
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extents. 
In the same manner, 

3 lines give i><fcaxi^=fk= 3X2X1 _ 3 

4 X (4-1) X (4 — 2) 4X3X2 „ 

^ ^ g — = 1^ 

5 « « 6 X (5—1) X (5—2) _ 6X4X3 ^ g^ 



10 



20 



6 X (6—1) X (6—2) ^ 6X5X4 ^ 



60 



IPX (10— 1)X (10-2) 10X9X8 _ -^ 

2 — 2 — "^ 

20x(20— l)x (20-2) 20X19X18 _.-. 

2 == 2 =^*^ 



31* We will now compare lines together in regard to 
their length, 

2 Lines are either equal or unequal. Call one A, the 
other B. Then A is either equal or not equal to B , 
and in the latter case A may be either longer or shorter 
than B. 

3 Lines may all be of equal length. 

2 may be equal, I not equal. 
All may be unequal. 3 cases. 

4 Lines. All equal. 

3 equal — 1 not equal. 

8 equal — 2 not equal, but equa. to one an- 
other. 

2 equal — 2 not equal, and not equal to each 
other. 

All unequal. 6 cases. 



umss. 



6 Idnes. AU equal. 

5 equal — 1 unequal. 

4 equal— r2 unequal, but equal to eaeh odii^r. 

4 equal — 2 unequal, and unequal to each 
other. 

3 equal — 3 unequal, but equal one to an- 
other. 

3 equal — 3 unequal, but 2 equal to each other. 

3 equal — ^3 unequal, and unequal goq to an- 
other. 

2 equal^4 unequal, but equal one to another. 

2 equal— 4 unequal, but 3 equal one to 
another. 

2 equal — 4 unequal, but equal by paire. 

Si equal— 4 unequal, and of these 2 are 
equal to one another, the other 2 un-« 
equal. 

2 equal — 4 unequal, and unequal one to an- 
other. , 

All unequal. 13 cases. 

Of ^li^se cases some are alike. The 8th is the same 
with the 3d, an^ the 9th with the 6th. Thus there are 
in all 11 different cases. 

We can arrive at the same result by numbers with- 
out reference to forms. It is only necessary to seek 
into how many sets 6 can be divided, so that. the sum 
of the numbers of each set shall be 6. 



6 




3H 


hlH 


l-l + l 


6H 


hl 


2- 


-2- 


-2 


4- 


-2 


2- 


-2- 


-IH 


1-1 


4- 


-1 + 1 


2- 


-1- 


-1- 


-1 + 1 


3- 
3- 


-3 

1-2 + 1 


1- 


-1- 


-1- 


-1 + 1 + 1 










1 


ICa 


ses. 
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III. Angles. 



We wUl now seek the mmber of angles which, 
can he made by a given nvmber of straight Unes. 

Two straight lines may make 1, 2, ot 4 angles, (fig. 16.) 

Three straight Unes, if they meet at 1 point, may 

make at least 2, at most 6 angles, (fig. 17.) 

If they meet at 2 points, they may make at 
least 2, at most 8 angles ; they cannot make 7 
angles, because 3 angles cannot be formed at one 
point by 2 straight lines. 

If they meet at 3 points, they make at least 3, 
at most 12 angles; but never 11 angles. 

In these calculations only the simple angles are con- 
sidered. When three or more lines meet at one point 
beside the simple angles, others are formed which are 
the sum of two or more angles, and which may be called 
compound angles. If three lines meet at one point, 
beside the two simple angles, a third is formed of these 
two added tdgether. 



We will now consider the frind^ as wM as the 
number, of the angles which may be made by a given 
number of straight lines. 

I. Two straight lines may make, (fig. 18,) 



either 1 Right 


2 Right 


4 Right 


or 1 obtuse 


or 1 ob. I 


or 2 ob. ) 


or 1 acute 


and 1 ac. ( 


and 2 ac. \ 



II. Three straight lines meeting at 1 point. 

1. No line passing beyond the point of meeting. 
1 R. and 1 ac. 
(fig. 19,) or 1 ob. and 1 ac. 



or 2 ac. 



3 ob. 

1 R. 2 ob. (fig. 20.) 

2 ob. 1 ac. 
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2* One line passing beyond the point of meeting, 
(fig. 2i.) 



2 ob. 2 ac. 

2 R. 1 ob. 1 ac. 

3 ac. 



1 R. 2 ac. 
1 ob. 2 ac. 



3. Two lines passing beyond the point of meeting, 
(fig. 22.) 

1 R. 1 ob. 3 ac. 
3 R. 2 ac. 

2 ob. 3 ac. 
1 ob. 4 ac. 

4 All three lines passing beyond the point of meet- 
ing, (fig. 23.) 

2 R. 4 ac. 

2 ob. 4 ac. 
6 ac. 

in. 7%ree straight lines meeting ai 2 points^ (fig. 24.) 
1. No line passing beyond the points of meeting. 



2. 



3. 



2 R. 


2 ob. 


1 R. 1 ac. 


1 ob. 1 ac. 


1 R. 1 ob. 


2 ac. 


When 1 line passes 1 point, (fig. 25.) 


3 R. 


1 R. 1 ac. 1 ob. 


2 R. 1 ac. 


2 ob. 1 ac. 


2 R. 1 ob. 


1 ob. 2 ac. 


When 1 line passes 2 points, (fig. 26.) 


4 R. 


2 R. 1 ob. 1 ac. 


2 ob. 2 ac. 


6 
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4 When 2 lines pass beyond the junction-poinfSj 
(fig. 27.) 



4R. 

2 R. 1 ob. 1 ac. 
2 ob. 2 ac. 

6 R. 

4 R. 1 ob. 1 ac. 



6 R. 

4 R. 1 ac. 

4 R. 1 ob. 



1 R. 2 ob. 2 ac. 
3 ob. 2 ac. 

2 ob. 3 ac. 

3 ob. 3 ac. 

2 R. 2 ob. 2 ac. 



5. When all the lines pass beyond the junction- 
points, (fig. 28.) 



6 R. 

4 R. 1 ob. 1 ac. 

2 R. 2 ob. 2 ac. 

3 ob. 3 ac. 



8 R. 

4 R. 2 ob. 2 ac. 

4 ob. 4 ac. 



I Y. Three straight lines meeting at 3 points. 

1. When no line passes a junction-point, (fig. 29.) 

1 R. 2 ac. 
1 ob. 2 ac. 
3 ac. 

2. When 1 line passes 1 point, (fig. 30.) 



2 R. 2 ac. 

1 R. 1 ob. 2 ac. 



2 ac. 2 ob. 
1 ob. 3 ac. 



3. When 1 line passes 2 points, (fig. 31.) 



2 R. 1 ob. 2 ac. 
1 R. 2 ob. 2 ac. 



3 ob. 2 ac. 
2 ob. 3 ac. 



3-2. When 2 lines pass through the same point, 
(fig, 31-2.) 



4 R. 2 ac. 

1 R. 2 ob. 3 ac. 



2 ob. 4 ac. 

3 ob. 3 ac. 



4 When 2 lines pass each 1 point, (fig. 32.) 



2 R. 1 ob. 2 ac. 
1 R. 2 ob. 2 ac. 



3 ob. 2 ac, 
2 ob. 3 ac. 



ANGLES. 



J3 



6. When 1 line passes 2 points and anothei* passes 

1, (fig. 33.) 

2 R. 2 ob. 2 ac. I 4 R. 1 ob. 2 ac. 

3 ob. 3 ac. I 2 R. 2 ob. 3 ac. 
1 R. 3 ob. 3 ac. 3 ob. 4 ac. 

4 ob. 3 ac. 

6. When 2 lines pass 2 points each, (fig. 34.) 

4 R. 2 ob. 2 ac. 
2 R. 3 ob. 3 ac. 
4 ob. 4 ac. 

7. When 3 lines pass 1 point each, (fig. 35.) 



2 R. 2 ob. 2 ac. 

3 ob. 3 ac. 

4 R. 1 ob. 2 ac. 
2 R. 2 ob. 3 ac. 



1 R. 3 ob. 3 ac. 
4 ob. 3 ac. 
3 ob. 4 ac. 



8. When 1 line passes 2 points, and 2 lines pass i 
point each, (fig. 36.) 
4 R. 2 ob. 2 ac. 



2 R. 3 ob. 3 ac. 
4 ob. 4 ac. 



4 R. 2 ob. 3 ac. 
1 R. 4 ob. 4 ac. 

5 ob. 4 ac. 
4 ob. 5 ac. 



9. When 2 lines pass 2 points each, and 1 line passes 

1 point, (fig. 37.) 

4 R. 3 ob. 3 ac. 
2 R. 4 ob. 4 ac. 
6 ob. 6 ac. 

10. When each line passes 2 points, (fig. 38.) 

4 R. 4 ob. 4 ac. 
6 ob. 6 ac. 



34. If there be only one angle at a point, we design 
nate it by the letter at the vertex, as the point where 
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the sides meet and form the angle is called. If there 
be more than one angle at the same point, we make 
use of three letters, as, (fig. 39,) BAC, CAD, &c., the 
letter at the vertex of the angle being placed in the 
middle ; or we sometimes use one letter placed within 
the vertex ; as the angle BAC may also be called the 
a^gle X. 

Now let us suppose the side AC of the acute angle 
BAC to depart more and more from AB, so as suc- 
cessively to reach AD, AE, and AF. By this move- 
ment, the mutual inclination of the sides AB and AC 
will be changed, and the angle BAC will become greater 
and greater: thus BAD is a right angle; BAE is an 
obtuse angle ; BAF is in fact no angle at all, though it 
is sometimes considered as equal to two right angles ; 
for BAD is a right angle; therefore DAF must be a 
right angle ; since by the definition of a right angle they 
are equal. If we wish to make more than two angles 
at the point A, on the same side of the line BF, it can 
only be done by dividing one or both of these right 
angles, and the whole taken together will only be equal 
to 2 R. A. In like manner the sum of all the angles 
which can be made on the other side of the line BF, at 
the point A, is equal to 2 R. A.; therefore the sum 
of all the angles, which can be made about the point 
A, or about any point, is equal to 4 R. A. 

Let us suppose the side AC to be moved forward 
until it coincides with AG ; then BAG can be consid- 
ered as an angle ; this angle, which is greaten than 2 
R. A., is called a convex angle. All angles not convex 
are concave angles. Obtuse, right, and acute angles are 
all concave'angles. Wherever there is a concave angle, 
there will also be a convex angle. 

3S. We will now seek how many concave and convex 
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angles may be formed by straight lines going oui^ or 

BADUTING/rom 1 poiflt 

Two straight lines may form 2 angles, viz. : 1 convex 
and 1 concave. 

Three straight lines may fonn 6 angles, viz. : 3 convex 
and 3 concave. 

The whole number of angles formed at a point is 
double the number of the concave angles. For as there 
is a convex wherever there is a concave angle, we may 
reckon two angles at each vertex. 

The number of simple and compound angles always 
equals the number of concave and convex, for the sum 
of each is the greatest possible number of angles. 

Four straight lines. Each straight line, or ray, may 
form 2 angles with each of the other rays ; therefore each 
ray 3x2 angles ; 4 rays 4x3x2 angles. But each 
angle has 2 sides; therefore the product 4x3x2 must 

be divided by 2 ; thus we have 5 = 4 X 3 = 12 

angles. 

We may proceed in a similar manner with any 
number of rays. We shall find this general rule. To 
find the number of angles^ both concave and convex^ 
made by a given number of straight lines radiating 
from one point; Multiply the number of lines by the 
same number^ less 1. 

2 straight lines give 2x1 = 2 angles. 

3 " " 3X2=6 " 
6 " " 5 X 4=20 " 

20 « « 20X19 = 380, &c. 



Suppose a given number of simple angles to be 
formed about a point ^ let us consider what kind of angles 
they may be, 

6* 
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1. Of two angles, one will be a eoncave angle leas 
than 2 R. A. ; the other a convex angle greater than 2 
R. A. As mach as the one is less than 2 R. A., by just 
so much will the other be greater than 2 R. A., since the 
sum of both is equal to 4 R. A. For the same reason 
there can only be one convex angle about a point. 

2. Three angles. There may be 3 concave, or 2 
concave and 1 convex. If the 3 concave angles are 
equal, each is an obtuse angle ; if they are not equal, 
there may be either 3 obtuse, or 2 obtuse and 1 R. A., 
or 2 ob. and 1 ac. 

There may be 4 concave, or 3 con- 
The 4 concave angles may be as 



3. Pottr angles. 

cave and 1 convex. 

follows : 
4 R. A. 

2 R. A. 1 ob. 1 
1 R. A. 2 ob. 1 



ac. 
ac. 
1 R. A. 1 ob. 2 ac. 



3 ob. 
2 ob. 
1 ob. 



1 
2 
3 



ac. 
ac. 
ac. 



7 cases. 



S7. We will now consider the kind of concave angles, 
which different polygons may have. 
1. The Quadrilateral. 



4 R. A. 

2 R. A. 1 ob. 1 ac. 
1 R. A. 2 ob. 1 ac. 
1 R. A. 1 ob. 2 ac. 

2. The Pentagon. 

5 ob. 

4 ob. 1 R. A. 
4 ob. 1 ac. 

3 ob. 2 R. A. 

3 ob. 1 R. A. 1 ac. 



3 
2 
1 



ob. 
ob. 
ob. 



1 ac. 

2 ac. 

3 ac. 



7 cases, (fig. 40.) 



3 ob. 2 ac. 

2 ob. 3 R. A. 

2 ob. 2 R. A. 1 ac. 

2 ob. 1 R. A. 2 ac. 

2 ob. 3 ac. 10 cases. 



3. The Hexagmi. Of this there may be 10 differ- 
ent cases. 
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S8* What is the greettest number of convex angles 
which a rectilineal figure may have 7 

A convex angle, when it occurs in a figure, is called a 
re-entering angle, because the vertex is directed in- 
wards; the concave angles are called salient angles. 
In all the rules and remarks, figures with salient an- 
gles only are intended, except the contrary is expressly 
stated. 

A triangle can have no convex angle. 

A quadrilateral can have 1 convex angle. 

A pentagon " " 2 " " 

A hexagon " " 3 " " 

. In general, in any rectilineal figure there may be, at 
the most, as many convex (or re-entering) angles as the 
figure has sides less 3. 

In every rectilineal figure there must be at least 3 
concave angles. 



IV. Figures. 

What is the greatest number of triangles which 
can be formed with a given number of straight lines 7 

1. Three straight lines can form 1 triangle, neither 
more nor less. 

2. Four straight lines may intersect one another at 6 
points, (33.) In each line there would be 3 intersection- 
points, and between 3 points there may be 3 extents, 
(97.) Upon each extent there may be one triangle, and 
thus there would be as many triangles as there are exstents. 
The number of extents is 3 X 4 = 12. But each trian- 
gle has 3 sides, and therefore we have reckoned each tri- 
angle 3 times in the above estimate. We must therefore 
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diiride the pTodact 12 by 3 to obtain the real number of 

12 

triangles. It is -5- = 4. 

3. 6 straight lines. If 5 straight lines intersect one 
another at the greatest number of points, there will be in 
each straight line 4 intersection-points. Betwe^ti 4 points 

there may be — 5 — extents ; thereforej in the 6 lines 

there are • extents. Upon each of these ex^ 

tents may be one triangle, and thus ^ triangles. 

But in this calculation each triangle is counted 3 times, 

therefore the true number will be— p; — - — or - — - — ^ 

2X3 1X2X3 

s^lO. 

From these examples we may deduce the rule. To find 
the greatest number of triangles which may be formed by 
a given number of straight Unes^ multiply the number 
of the lines by the product of the two numbers preceding 
it in the natural order of the numbers, and divide the 
product thus obtained iy 1 X 2 X 3. 

•T y^ ft \^ I* 

7 straight lines can form at most := — ^ — ^;= 35 triangles. 

1 X» X « 

Q u cc c< oX 7 Xo ijg << 

1X2X3 
20 " " " 20xl9xl8 _^^.Q „ 

1X2X3 -^^^ 

4M« What number of parattetogrcans can be fanned 
by ttoo sets of paraUd lines crossing each other? (figs. 
41 and 42.) 

1. 3 parallels in one set, and 2 in the other set. 
There will be as many parallelograms as there are inter- 
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vals between the 3 parallels ; for all the intervals will be 
enclosed by the 2 intersecting parallels. Between the 3 
parallels there will be as many intervals, single and com- 
pound, as there are extents between 3 points in a straight 

3x2 
line, that is ^ =3. Consequently, in the supposed 

case, 3 parallelograms are formed. 

2. 4, 5, 6, or more parallels in one set^ and 2 paral- 
lels in the other set. Find as before the number of inter- 
vals, single and compound, in each set, and multiply 

2x1 

them together. But 2 parallels give -^ — = 1 interval ; 

we have therefore only to find the number of intervals 
in the other set, and it will be the required number of 
parallelograms. 

4X3 

4 parallels crossed by 2 parallels give — ^ — = 6 paralleFms. 

6 " " 2 " ^^ =10 « 

6 * " 2 " ®21?=16 " 

From these examples, the rule for finding the number 
of parallelograms formed by the intersection of any 
number of parallel lines by 2 parallel lines is apparent. 
Multiply the number of the lines of the former set by the 
same number less 1, and divide this product by 2. 

3. Let there be any number of parallels in each set, 
and we have this rule for finding the number of paral- 
lelograms made by the intersection of the two sets. 
Multiply the number of intervals between the parallels of 
one set, by the number of intervals between the pardUds 
of the other. 

10 parallels crossed by 10 parallels give 

10 X 9 10 X 9 ^^^ ,, , 

— 5^- X Q = 2026 parallelogram- 
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6 parallels crossed by 4 parallels give 

5l^X^^ = 90 parallelograms. 

12 parallels crossed by 30 parallels give 
12x11 30X29 



X 



=s 28.710 parallelograms. 



The rule may be thus expressed : Multiply the nnm- 
ber of lines in each set taken separaidy by the same 
number less 1 ; take half of each product ; multiply these 
half-products together, and this last product vriU be the 
number required, 

41. We will now set down in a tabular form the 
number of parallelograms formed by intersecting sets of 
parallel lines. It may be done in the familiar manner 
of the multiplication table. Set down the numbers for 
one set in a horizontal series, and the numbers for the 
other set in a vertical series, and the number of par- 
allelograms formed by the intersection of the 2 sets 
directly under the one, and opposite to the other. 



Parallels 1 


2 


3 


4| 6 6 7 


1 II u 


u 





1 


2 


1 


3 


6 10 1 15 21 1 


3 


3| 


9 


18 30 45 1 63 1 


4|| 0| 


6 


18 


36 60 1 90 126 | 


6 11 


10 


30 


60 100 150 210 1 


6|| 0| 


15 1 


46 


90 1 150 1 225 1 315 | 


7|| 0| 


21 1 


63 


126 210 315 1 441 | 



The numbers of the first vertical series are the same as 
those of the first horizontal series ; the numbers of the 
second vertical series are the same as those of the second 
horizontal series, and so on. 
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The differences between each two succesadye ntosibeis 
of the horizontal and of the yertical series are as follows . 



The First 




















Second 


1 


2 


3 


4 


5 


6 


Third 


3 


6 


9 


12 


15 


18 


Fourth 


6 


12 


18 


24 


30 


36 


Fifth 


10 


20 


30 


40 


50 


60 


Sixth 


15 


30 


45 


60 


76 


90 


Seventh 


21 


42 


63 


84 


105 


126 



Again, remark the difference between ea6h two suc- 
cessive numbers of the horizontal and also of the vertical 
series in this table. 

The horizontal series give these differences, viz. : 



2d 
3d 

4th 
6th 
6th 






sries 

















" 1 


1 


1 


1 


1 


I 


" 3 


3 


3 


3 


3 


3 


« 6 


6 


6 


6 


6 


6 


" 10 


10 


10 


10 


10 


10 


" 15 


15 


15 


15 


15 


15 



The vertical series give these differences, viz. : 
1st. 2d. 3d. 4th. 5th. 6tli. 

~1 2 3 4 6 6 

2 4 6 8 10 12 

3 6 9 12 15 18 

4 8 12 16 20 24 

5 10 15 20 25 30 

6 12 18 24 30 36 

Once more, remark the difference between the suc- 
cessive numbers of the series last formed* 
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In the horizontal they are as follows, viz. : 



Ist 




1 




1 


1 


1 


2d. 




2 




2 


2 


2 


3d. 




3 




3 


3 


3 


4th. 




4 




4 


4 


4 


6th. 




6 




6 


6 


6 


5th. 




6 




6 


6 


6 


In the vertical 


th 


ey 


are 








Ist 2 


d. 


3d. 


4th. 


5th. 


6th. 




2 




3 


4 


6 


6 




i 




3 


4 


6 


6 




2 




3 


4 


6 


6 




2 




3 


4 


6 


6 




2 




3 


4 


6 


6 



Nate. The preceding tables of differences are given 
as an example of the maimer in which a subject should 
be treated. The scholar should be accustomed to ex- 
amine a subject in all its relations. 

43« Into how many triangles can a rectilineal Jigure 
be divided by diagonals not intersecting one another ? 

The vertex of each angle is already connected by the 
bounding lines with the vertices of 2 other angles; there 
remain then just as many vertices with which each 
vertex is not connected, as the figure has sides less 3. 
Consequently there may be as many diagonals not in- 
tersecting one another, as the figure has sides less 3. 

1. The triangle. This can have no diagonal; for 
3 — 3=0. 

2. T%e quadrilateral. Here we have 4 — 3=1 di- 
agonal, which will divide the figure into 2 triangles. 

3. The pentagon. Here we have 5 — 3=2 diago- 
nals, dividing the figure into 3 triangles. 
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In each case we have one more triangle than we have 
diagonals, and hence we may infer the general rule. If 
as many diagonals be drawn in a rectUineal figure as 
can be without one intersecting another^ there will be 
formed as many triangles as the figure has sides 
less 2. 

In a quadrilateral 4—2 = 2 triangles. 

In a hexagon 6 — 2 = 4 " 

In a decagon 10 — 2 = 8 " &c. 

4S. We unit now consider the number and kind of 
figures into which a rectilineal figure may be divided by 
straight lines drawn at pleasure. 

1. The triangle^ (fig. 43.) A line drawn from the 
vertex of an angle to the opposite side divides the trian- 
gle into 2 triangles. A line drawn from one side to 
another side divides the triangle into 1 triangle and 1 
quadrilateral. 

2. The quadrilateral^ (fig. 44) A Ime drawn from 
the vertex of an angle may meet a side, or the vertex 
of another angle. In the former case 1 triangle and 1 
quadrilateral, in the latter case 2 triangles, are formed. 

A line drawn from one side of the quadrilateral may 
meet either the adjacent or the opposite side. In the 
former case 1 triangle and 1 pentagon, in the latter case, 
2 quadrilaterals, are formed. Fig. 45. 

Note. In the preceding exercises one or two exam- 
ples only have be^n given, to show the manner of pro- 
ceeding. Each teacher can increase the number at his 

pleasure. 

• 

V. SoLros. 

44« We will now find by calculation the number of 
lines and angles in a prism. 
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I. lines. 1. Edges or Sides. 

™ . 1 1, 2X3+3X4 

The triangular pnsm has — 



quadrangular 

pentagcmal 

hexagonal 



(( 



(( 



(( 



2 ~" 2 

2X4+^X4 6X4 

2 ~ 2 

2X6+6X4 6x6 



= ^ = 3X3 



= -4-=3x4 



2 ~~ 2 
2X6+6X4 6X6 



= -4r-=3x6 



2 =-^=3X6 

Role. Multiply the number of sides in the base by 3. 
2. Axes. 

The triangular prism 
quadrangular " 
pentagonal 
hexagonal 
heptagonal 
octagonal 
nonagonal 
decagonal 



u 

<< 
li 
ti 



Comer 
Axes. 


Edg» 
Ant. 


Face 
Axes. 


Com^ 
Edge Axes. 


Edn 
Fkee Am. 








1 


2X3 


3 


4 


6 


3 














1 


2X6 


6 


6 


9 


4 














1 


2X7 


7 


8 


12 


6 














1 


2X9 


9 


10 


15 


6 









n. Angles. 1. Line Angles. 
Triangular prism has 
quadrangular " " 
pentagonal 
decagonal 

2. Plane Angles. 

Triangular prism has 






6X3 = 

8X3 = 

10X3 = 

20X3 = 

6X3 



quadrangular " 



« 



2 
8X3 



as 

= 24 
= 30 
= 60 

=9 



pentagonal " " 



decs^nal 



i( « 



2 
10X3 

2 
20X3 



=12 



16 



30 
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3. Solid Angles. 

Triangular prism' has 2 X 3 = 6 

quadrangular" " 2x 4 = 8 

pentagonal " " 2 X 5 = 10 

decagonal " " 2 X 10 = 20 
That is, a prism has twice as many solid angles as 
its base has sides. 

4JS. We will now find the nunAfir of Knes and angles 
in a pyramid. 

I. The Lines. Edges or Sides. 

Triangular pyramid has^ ^^ ' =6 

quadrangular " " (4x3)+4 ^q 
pentagonal « " li2<|)±£=,10 

decagonal " ^ s^ — =20 

n. Angles. 1. Line Angles. 

Triangular pjrramid has (3 X 3) + 3 = 12 
quadrangular ' " « X* X 3) + 4 = 16 
pentagonal " " (6X3)+ 6 = 20 
decagonal " "(10 X 3) + 10 = 40 

2. Plane Angles. 

Triangular pyramid has ^ -i-X— = 6 



2 

quadrangular " " -^^ J =8 

pentagonal « " (5x3) + 6 ^^q 
decagonal « « (10x3)+10 ^gQ 
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3. Solid Angles. 
Triangular pyramid has 
quadrangular ^' 
pentagonal 
decagonal 



it 



II 



3+1 

4+1 

6 + 1 

10 + 1 



4 
6 
6 
11 



46. We tpill now find by calculation the number of 
lines and angles in the regular stJids. 

I. Lines. 1. .Exterior. Edges or Sides. ■ 

4X3 



Tetraedron has 
Octaedron " 
Icosaedron " 



Hexaedron 



(( 



Dodecaedron " 



2 
8X3 
2 
20X3 
2 

6X4 
2 
12X5 



=::6 



»12 



=30 



=sl2 



s=30 



2. Interior. Axes. 

OornerAxH. 

Tetraedron has 



Octaedron " 5=3 
Icosaedron " — = 6 
Hexaedron ^' c%^=^^ 
Dodecaedron^* —=10 



Face 





\-^ 

- = 10 

2 
12 « 

2=® 



EdfsAxas. Corner 
FeceAxei. 



^-3 



30 

2 
12 

2 



= 15 
=6 



|=« 



4 
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n. Angles. 

LinaAnglM. 

Tetraedron has 4 X 3 = 12 
Octaedron " 8 X 3 = 24 
Icosaedron " 20 X 3 = 60 
Hexaedron " 6 X 4 = 24 
Dodecaedron " 12 X 6 = 60 



FaMAnglat. 

4X3 



2 

8X3 

2 
20X3 



2 
6X4 

2 
12X6 



=6 
= 12 

= 30 
= 12 

=30 



SoIMAngiM. 

4X3 



3 
8X3 

4 
20X3 



6 
6X4 

3 
12X6 



=4 
=6 
= 12 

=8 
=20 



6* 



PART SECOND. 

SECTION SEPONP. 

CONSTRUCTION. 



I. Lines. 



47« Hitherto we hare drawn figures on the board, 
and on the slate, by the eye, without regard to strict 
accuracy ; we will now make use of instruments, and 
draw them with more care. 

To draw straight lines we make use of a ruler. That 
we may be accustomed to draw them in all positions 
of the ruler, we will take points in various parts of the 
paper, (or slate,) and connect them by straight lines, 
keeping the paper (or slate) always in the same posi- 
tion. 

48* To draw circular lines we make use of a pair of 
compasses. These must be opened to a certain dis- 
tance, the point of one leg fixed tight in the paper, and 
the point of the other leg moved on the surface of the 
paper about the fixed point, until the curved line thus 
made shall return into itself, and form a complete figure. 
This curved line is the circumference of a circle : the 
point of the fixed leg is the centre of the circle. The 
size of the circle depends upon the greater or less dis- 
tance between the points of the compasses. The radius 
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-of the ciscle is exactly equal to this distance : hence, to 
express the size of a circle, we give the length of its 
radius ; thus we say a circle of 1 inchj 1 foot, or 1000 
feet radius. 

Many circles may be described, that is drawn, about 
the same centre ; and their circumferences will remain 
in all psLTts at the same distance one from-another. Two 
such circles, besides having a common centre, have 
the surfacejof the smaller in common, and the difference 
between their surfaces is an anntdar sur&ce or ring. 

49. Two circles in a plane may have various rela- 
tive positions. They may have a common centre, or 
they may not In the latter case the circles may lie 
entirely apart, or their circumferences may meet at 1 
point on the outside, or may intersect at 2 points, so that 
they shall have in common a surface enclosed by 2 arcs. 
One circle may be entirely within the other, without 
having a common centre; of this there may be two 
cases, viz., the circumferences may be entirely separate, 
or they may touch at 1 point. 

We will draw several figures and examine them. 
(Fig. 46.) 

In 1 the distance between the centres of the circles = 0. 

In 2 the distance is greater than the sum of the 2 radii, 
by so much of the straight line joining the 2 cen- 
tres as lies between the 2 circumferences. 

In 3 the distance between the 2 centres is equal to the 
sum of the 2 radii. 

In 4 the distance is less than the sum of the 2 radii by 
so much of the straight line joining the 2 centres as 
lies between the intersecting arcs. 

In 5 the distance is less than the difference of the 2 
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radii by 60 much of the radius of the greater circle 
passing through the centre of the lesser, as is con- 
tained between the 2 circumferences. 
In 6 the distance is exactly equal to the difference of 
the radii. 

SO. Styi^pase ii is required to draw 10 straight Unes^ 
of which the \st shall be 1 inch long^ the 2d 2 inches 
bmgj and the^S inches longj and soon^tke VUh being 
10 inches long* 

Draw a straight line of any length ; open the com^ 
passes so that the points shall be 1 inch apart, or, as it 
is more concisely expressed, take 1 inch between the 
points of the compasses, and apply them to the line. To 
get the 2d line, apply the compasses twice continuously 
to the line already drawn; or take 2 inches between 
the points and apply them once. Proceed in this man- 
ner; for the 10th line apply an opening of 1 inch 10 
times continuously. • * 

If it is required to draw a straight line which shall 
be 2, 3, 4 or more times as long as another line ; then 
draw a line of any length ; take this length between the 
points of the compasses, and apply it as often as is 
required to a line of indefinite length. 

How shall we cut from a IcHig line a part equal to a 
shorter one? Take the l^igth of the shorter one be- 
tween the points of the compasses; apply them to the 
longer line, placing one point at the end of the line. 
The remainder of the long line is the difference between 
the lines. 

ff !• Stippose it is required to describe from the ends 
of the line AB, as centres, 2 circles which shaU have the 
f Mowing relations one to the other. 



hmB&^ 51 

1. Having nothing in comman, (fig. 46. S.) Fix one 
leg of the compasses at A, and with an opening less 
than AB, for example = AC, describe a circle. Then 
fix one leg of the compasses at B, and with an opening 
less than BG describe a circle. We have the 2 circles 
required. 

2. The swf aces having no part in common, but the 
circumferences touching ai 1 pointy (fig. 46. 3.) From 
A, as a centre, with an opening of the compasses, or, 
(to speak more technically,) a radius, less . than AB, 
for example = AC, describe a circle; from B, as a 
centre, with a radius =BC, describe another circle; we 
have the 2 circles required, which will touch each 
other externally* 

3. The circumferences touching at2 points, (fig. 46. 4) 
From A, as a centre, with a radius less than AB, de- 
scribe a circle; from B, as a centre, with a radius 
greater than BC, but less than BA, describe another 
circle ; we have the circles required. Suppose the line 
B A to be continued to E, it is evident that the radius 
of the circle described from B may be taken either equal 
to or greater than B A. If it be taken = BE ^ B A -}- AE 
= BA + AC, (since AE and AC are equal, being radii 
of the same circle,) then the first circle will meet the 2d 
at one point only, viz. at E. 

4. Having the surface of one in common, without the 
circumferences touching each other, (fig. 46. 5.) Pro- 
duce AB to C. From A, as a centre, with a radius AC, 
describe a circle ; from B, with a radius less than BC, 
for example = BD, describe another circle. We have^ 
the circles required. 

6. Having the surface of one in common, and the 
circumferences touching at 1 point, (fig. 46. 6.) Pro- 
duce AB to any point C. From A, with a radius = AC, 
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a circle, and from B, with a radius = BC, 
describe another circle. 



To divide a straight Une AB into 2, 4, 8, 16, ^c, 
equal porta, (fig. 47.) 

From A and B, as centres, with equal radii, which 
must be greater than } AB, describe two circles; the 
circumferences of these circles will intersect at 2 points, 
C and D, one on each side of AB. Join C and D by a 
straight line. The line AB will be bisected at the point 
where CD crosses it. It is not necessary to describe 
«itire circumferences ; 2 intersecting arcs on each side 
of AB will be sufScient. If the line is very long, or the 
compasses very small, we can take any 2 points in the 
line for centres, so they are at equal distances from the 
ends of the line. 

By a similar I>rocess bisect each half of AB, and the 
whole line will be divided into 4 equal parts, (fig. 48.) 
Bisect each of these 4 parts, and the whole line will be 
divided into 8 equal parts. 



!• To draw a curved line like a steel spring, (fig. 
49.) 

Draw a straight line, and take in it any point A« 
From A, as a centre, with a small radius AB, de- 
scribe a semi-circumference BC; then from B, as a 
centre, with radius BC, describe a second semi-circum- 
ference below the line AB ; then from A, with radius 
AD, describe a third semi-circumference above the line 
AB ; again from B, with a radius BE, describe a fourth 
semi-circumference, EF, below the line, and so on. 
There will thus be formed from connected semi-cir- 
eumferences a connected curved line. From the con- 
struction it is evident that AB =: AC, BC = BD, and 



AD = AE, ikmsequently BD =» CE ; BE rrr BF, con- 
sequently CE = DF, thus BC = BD = CE = DF. 



To draw a' curved line wkiding Uke a snail" 
shell, (fig. 60.) 

Draw a straight line and take in it a point A. On 
each side of this point measure off in the line several 
small equal parts, for example 3, viz., AD, DH, HB, 
AC, CG, GL. From A, as a centre, with a radius AB, 
describe a circumference. Then, on each side of the 
line AB alternately, describe semi-circumferences, viss., 
from C, with radius CB; from D, with radius DE; 
from G, with radius GF. The required curved lijle 
will thus be formed. From the diagram it appears that 
LE contains 2 of the above equal parts; BF has 4; EI 
has 6. 

jtff* To draw a serpentine line^ (fig. 5L) 
Divide a straight line into any number of equal parts, 
for example, 12. From the 1st, 3d, 6th, 7th, 9th, and 
11th points of division, as centres, with a radius equal 
to one part, describe semi-circumferences, alternately 
above and below the straight line. A curved line 
drawn in this manner resembles that made by a t^ake 
in motion, and is therefore called a serpentine line. 

ff6« To draw a line which curves like the waves, 
(fig. 52.) 

Draw 3 parallel straight lines at equal distances from 
one another. We can do this with a ruler, for if it is 
well made the two edges will be parallel ; draw lines 
along both edges, and we shall have 2 of the parallels ; 
move the ruler and plsu^e one edge exactly upon one of 
the lines already drawn, then draw a line along the 
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other edge, and we shall have 3 parallels. Divide 
these parallels into any number of equal parts, for 
example, 10. Then from the points of division 1, 3, 5, 
7, 9, alternately on <Hie and the other of the extwior 
parallels, with a radius equal to the distance between 
the first division point and the end of the middle par- 
allel, describe arcs. These will be alternately above 
and below the middle parallel, and will form a contin- 
uous curved line, called a waving line. 

SI, To draw an EBg^se, (fig. 68.) 

Divide a straight line AD into 3 equal parts at the 
points B and C. From B, with radius BC, describe a 
circle; and from C, with radius OB, describe another 
circle ; the circumferences of these circles will intersect 
at 2 points, E and F. From E draw the diameters 
EG and EH ; and from F draw the diameters FI and 
FK. From E, as a c^itre, with radius EG, describe 
the arc GH, and from F, with radius FI, describe 
the arc IK. Thus from the 4 exterior arcs IK, KH, 
HG, and GI, is formed a connected figure called an 
ellipse. 

ff8* To draw an Oval, (fig. 64.) 

Describe a circumference and divide it into 4 equal 
parts ; join the opposite division points by the diameters 
BC and DE ; draw CD and BD, and produce them be- 
yond D. From C, with radius CB, describe the arc 
BF; and from B, with radius BC, describe the arc 
CG ; and from D, with radius DF, describe the arc FG. 
The arcs BC, CG, GF, and FB form, together, a figure 
shaped like an egg. 
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II. Angles. 

09* Before proceeding to the construction of angles, 
it will be well to make ourselves acquainted with the 
relation between angles and arcs. We have before 
seen that as the side AG (fig. 39) departs from AB, 
the angle which it makes with AB is constantly in- 
cr^sing. Now let us suppose that each point in AG 
describes at the same time an arc of a circle. It is 
evident that such arcs bear a certain fixed relation to 
the angle and to one another, since all are made by one 
and the same motion of the side AG, and begin, in- 
crease,, and end simultaneously. These arcs differ in 
actual length ; but each is the same fractional part of a 
whole circumference; if we suppose each circumfer- 
ence to be divided into the same number of equal 
parts, these arcs will contain an equal number of such 
parts. 

It is usual to divide a circumference into 360 equal 
parts called degrees, and marked thus (**) ; for exam- 
ple, 40® is read forty degrees. As all circumferences, 
whether of gre^t or of small circles, are divided into 
360°, it follows that a degree is not a fixed quantity, 
but varies for every different circumference. It merely 
expresses the magnitude of an arc as compared with 
the whole circumference of which it is a part, and not 
with any other circumference. Each degree is divided 
into 60 equal parts called ndnutes, and marked ( ' )• 
Each minute is divided into 60 equal parts called 
seconds, marked ( '' ). The division is sometimes car- 
ried to thirds wnd fourths, marked ('") (""). 

We are thus furnished with a very convenient method 
of measuring angles. As the magnitude of an angle has 
7 
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no reference to the length of its sides, but to their 
mutual inclination, or the opening between them, either 
of the arcs described from its vertex as a centre, and 
ifiiercepted, (taken between,) by its sides, may be taken 
as the measure of the angle, for they all contain the 
same number of degrees; which number of degrees 
denotes the size of the angle, 

00. If the side AG be moved entirely round the 
point A, it will have made 4 R. A. ; and at the same 
time each point in it will have described an entire cir- 
cumference ; thus a circumference, or 360**, is the meas- 
ure of 4 right angles; and therefore a quarter of a 
circumference, or quadrant, as it is called, is the measure 
of 1 right angle ; that is, the sides of every right angle 

360** 
will intercept an arc of — — s= 90** in the circumference 

of a circle described from its vertex as a centre with 
any radius. We say therefore that a right angle is an 
angle of 90**; half a right angle is an angle of 45**; 
one third of a right angle is an angle of 30** ; two thirds 
of a right angle is an angle of 60**, &c. 

61» Having made ourselves acquainted with the 
principle upon which the mensuration of angles depends, 
we will now examine the protractor , (fig. 55,) which is 
an instrument used in plotting, that is, drawing upon 
paper angles whose magnitude is known ; or for meas- 
uring angles already drawn upon paper. It is a semi- 
circle of wood, metal, or horn, accurately divided into 
180®. For the convenience of reckoning both ways, the 
degrees are numbered from the left towards the right, 
and from the right towards the left. The division lines 
are all drawn from a point in the middle of the diameter, 
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called the centre of the protractor. This point is marked 
by a notch in the diameter. 



^ Another instrument, called a square^ (fig, 56,) 
is also used for drawing and measuring right angles. 
This consists of two rulers fixed together at right angles 
with one another. Sometimes the ends of these two are 
connected by a third ruler, thus forming a right-angled 
triangle. We niay ascertain if a square is accurately 
made in this very simple manner, (fig. 67.) Draw a 
straight line AB ; divide it into 2 parts at the point O. 
Apply^ one edge of the square to the part AO, placing 
tha vertex of the right angle at O ; then, by drawing a 
line along the other edge, make the angle AOC. Re- 
verse the square, keeping the vertex of the right angle at 
O, but applying one edge to the other part of the line 
AB ; viz. to OB ; draw a line along the other edge, and 
the angle BOD will be made. If OC and OD do not 
coincide, the sides of the square do not form exactly a 
right angle. The angle COD will be twice the difier- 
ence between the angle made by the 2 sides and a right 
angle, 

63* Having examined the construction of these in- 
struments, we will now proceed to use them. 
, To make a right angle. 

Solution 1. With the Protractor. It is required to 
make a right angle at the point O in the straight line AB, 
(fig. 48,) Apply the diameter of the protractor to the 
given line so that the centre shall fall exactly on the 
point O. Mark on the paper the point where the divis- 
ion 90° on the arc of the protractor falls. Suppose at 
C ; draw the straight lin^ CO. This line will be per- 
pendicular to AB, and will make 2 R. A. with it. 
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Sol. 2. With the Square. Draw straight lines almig 
the 2 sides which make the right angle, and at their 
point of junction a right angle will be made upon the 
paper. If one of the sides of the required angle be 
given, apply one side of the square to this given line, 
and draw a line along the other side. 

Sol. 3. With the Compasses^ (fig. 48.) Draw a 
straight line ; take in it any point O, and make OA = 
OB. From A and B as centres with equal radii describe 
2 arcs which will intersect at C. Draw 00. The 
angles COA and COB are right angles. 

In the solutions of this problem we have solved an- 
other problem also ; namely, that of erecting a perpen- 
dicular to a given straight line; for the line CO is 
perpendicular to AB. 

64* To draw a perpendicular front a given point C 
to a given straight line AB, (fig. 48.) 

From the point C, with a radius greater than the 
shortest distance from C to the line AB, describe an arc 
which will cut AB at two points, K and L. From each 
of these points, with the same radius, describe an arc. 
These arcs will intersect each other at some point; 
suppose at M. A line drawn from C to a AB, passing 
through M, will be the perpendicular required. 

6S« To make an angle the size of which is given in 
degrees, 

Sol. Draw a straight line. Apply to it the diameter 
of the protractor. Mark on the paper the point where 
the centre of the protractor lies, and also the point where 
the given number of degrees on the arc of the protractor 
lies. Connect these two points by a straight line, and 
the required angle will be made. 



7b nuike an angle equal to a. given angle AOB, 

(fig. 68) 
Sol^ 1. »Wiih the Protractor, Measure the number 

of degrees in the given angle, and then make an angle 
of the same number of degrees. 

Sol. 2. With the Compasses • Draw the straight lin^e 
CD. From O as a centre, with any radius, describe an 
arc which shall intersect the sides of the angle AOB. 
From C as a centre, with an equal radius, describe an 
arc, which will intersect the line CD at D. From D as 
a centre, with a radius equal to the chord AB, describe 
an arc which will intersect the former at the point E. 
Draw EC. The angle ECD = AOB. 

67* Through a given point G, to draw a line parol* 
lei to a given Une AB, (fig. 61.) 

Sol. 1. From. the point C let fall upon AB the per- 
pendicular DC. Upon DC at C erect the perpendicular 
CF, which is the line required. 

Sol. 2. Draw from C a straight line meeting AB at 
any point E. At C make an- angle ECF =s ang. CEB. 
CF is the. line required. 

08» To divide a given, angle O into 2, 4, 8, 16, ^c. 
equal angles^ (fig. 59.) 

Sol. From O as a centre, with any radius, describe an 
arc AB. From A and B as centres with equal radii 
describe 2 arcs which will intersect at C. Draw CO, 
and the angle AOB will be divided into 2 equal angles, 
COA and COB. 

Repeat this operation with each of the angles COA 
and COB, and the entire angle at O will be divided into 
.4 equal - angles. By continuing the process it. may be 

divided into 8, 16, 32, &c. equal angles. 

7* 
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Th TTiake an angle which shall be 2, 3, 4, timeSy 
^ h h i ^^ great as the angle O, (figs. 59 and 60.) 

Sol. Prom the point M, at which the vertex «f the 
new angle is to lie, draw a straight line of any length. 
From M as a centre, with radius equal to OB, describe 
an arc, which will intersect the straight line at N. Be- 
ginning at N measure on this arc 2, 3, or 4 times the 
length of AB; for example, NP, PS, &c.; draw SM, 
and we shall have the angle SMN = 2 AOB. Or, divide 
the arc AB into 2, 3, or more equal parts, and measure 
one or more of these parts on the arc NS ; for example, 
NR= t AB ; draw RM ; the angle RMN = i AOB. 



III. Figures. 



CONSTRUCTION OP TRIANOLES. 



TO. To construct a triangle which shatt be equal to 
another triangle ABO, (fi^. 62.) 

1. Let the 3 sides of ABC be given. Draw a straight 
line EP equal to one of the given sides, for example, 
BO. From E as a centre, with radius equal to a 
second side AB, describe an arc ; and from F, with a 
radius equal to the third side OA, describe another 
arc which will intersect the former at D. Draw the 
straight lines DE and DF. DEF is the required trian- 
gle. 

2. Sttppose the sideBG and the two adjacent angles B 
and O to be knoum. Draw a straight line EF = side 
BO. At the point E make the angle DEF = OBA, at 
point F make the angle DFE=ACB. Produce the 
sides of the angles E and F until they intersect at D. 
DEF is the required triangle. 
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3. Suppose the sides BC and BA, and the mdtiied 
angle ABC, to be known. Draw a straight line EF =s^ 
side BC. At point E make an angle DEF = CBA. 
Take EDsBA, and draw DP. DEF is the triangle 
required. 

That the triangles thns constructed are in each case 
equal to the given triangle will be demonstrated here- 
after (196, 137, 137.) By equal figures we mean 
figures which coincide entirely when one is laid upon 
the other ; therefore equal figures must be similar. 

71* To construct triangles in and cAout circles. 

1. An equilateral triangle^ (fig. 63.) Divide the cir- 
cumference of a circle with the compasses into 3 equal 
parts. Join the division points by straight lines, and 
we shall thus construct an equilateral triangle in a 
circle. 

In an equilateral triangle constructed about a circle 
the sides are tangents to the circle at the above men- 
tioned division points of the circumference. To obtain 
these tangents draw radii to the division points ; and 
upon the ends of these radii erect perpendiculars. Pro- 
duce these perpendiculars both ways until they inter- 
sect one another, and we shall have an equilateral 
triangle constructed about a circle. 

2. A scalene triangle. Divide the circumference of a 
circle into three unequal parts. Join the division points 
by straight lines, and we shall thus have constructed a 
scalene triangle in a circle. Draw tangents to the circle 
at the division points, and produce such tangents in 
both directions until they intersect one another, and we 
have a scalene triangle about a circle. 



1 
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JRemdrk. The rertiees of all the angles of each tnan- 
gle construct^ in a circle lie in the circumference of 
the circle. A figure, the yertices of whose angles are 
thus situated, is said to be inscribed in a circle ; and 
the circle is said to be circumscribed about the figure. 
A figure, all the sides of which are tangents to a circle, 
18 said to be circumscribed abaui a drde, and the circle 
to be inscribed in the figure. 

9!3. To construct an equilateral triangle upon the line 
AB, (Fig. 64.) 

Sol From A as a centre, with a radius equal to 
AB, describe a circle ; and from B, with a radius BA, 
describe another circle. The circumferences of these 
circles will intersect at C and D. Draw the straight 
lines CA, CB, DA, DB. Two equilateral triangles 
will thus be constructed, which will be equal to each 
other. 

73* To construct an isosceles triangle upon the line 
AB, (fig, 66.) 

Sol. From A and B as centres, with equal radii, 
describe two arcs intersecting at C. Draw the straight 
lines OA and CB. An isosceles triangle will thus be 
formed, of which AB is the base. 

74* To construct upon the line AB an isosceles trianr 
glsy whose equal sides shall be equal to a given line M, 
(fig. 66.) 

Sol. From A and B as centres, with a ledius equal 
to M, describe two arcs intersecting at C. Draw CA 
and CB. CAB is the triangle required; 
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7ff* To construct a right-angled isosceles triangle 
upon the line AB, with a right angle adfacent to the side 
AB, (fig. 66.) 

Sol. At either of the points A or B erect a perpen- 
dicular to the line AB. In this perpendicular take 
BC = BA. Draw CA, and the required triangle will 
be constructed. 

T6. To construct a right-angled isosceles triangle 
upon a straight line AB, with the right angle opposite 
to the side AB, (fig. 67.) 

SoL Bisect AB. From the division point C as a 
centre, with a radius equal to CA or CB, describe a 
semi-circumference. To AB at C erect a perpendicular, 
which will meet, the semi-circumference at its middle 
point F. Draw FA and FB. FAB is the required 
triangle. If the proposition were to construct a right- 
angled triangle in general, we could take any point in 
the arc, and by connecting it by straight lines with A 
and B, should construct a right-angled triangle. 

77, To construct an obtuse-angled and an acute- 
angled isosceles triangle, (fig. 67.) 

SoL Produce the perpendicular CP beyond the semi- 
circumference, and take in it the point D within, and 
the point E without the semi-circle. Draw DA, DB, 
EA, and EB. The triangle DAB is an obtuse-angled 
isosceles triangle, and the triangle EAB is an acute- 
angled isosceles triangle. 



CONSTRUCTION OF QXTADRILATERALS. 

78« To construct a quadrilateral which shall be equal 
to a gipcn quadrilateral ABCD, (fig. 68.) 
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Sol, In the given quadrilateral ABCD draw the 
diagonal AC. It is thereby divided into 2 triangles, CAB 
and DAC. If we construct 2 triangles equal to the^, 
and place them together in the same relative position, 
the problem will be solved. 

Draw a straight Une EPasAB. From E as a 
centre, with a radius = AC, and from F as a centre, 
with a radius = EC, describe 2 arcs cutting one an- 
other at G. Draw GE and GP. The triangle GEF 
= CAB. 

Again, from E as a centre, with a radius = AD, and 
from G, with a radius = CD, describe 2 arcs cutting 
one another at H. Draw HE and HG. Triangle 
HEG = DAC. Consequently the quadrilateral EFGH 
= ABCD. 

70* Th construct a square upon a given straight Una 

AB, (fig. 69.) 

Sol 1. At the points A and B erect perpendicu- 
lars to the line AB. Take AC and BD each equal 
to AB. Draw CD and the required square will be 
constructed. 

Sol. 2. At the point A erect a perpendicular to 
the line AB. In this perpendicular take AC = AB. 
Through the point C draw CD equal and parjiUel to 
AB; and through B draw BD equal and parallel to 

AC. ABCD is the required square. 

80» To construct a square in ajid about a circle^ 
(fig. 70.) 

SoL Describe a circle. Draw 2 diameters cutting 
each other at right angles. Join the ends of these 
diameters by straight lines, and a square will .be con- 
Btructed within a circle. 



QUA9SILA7BIUL& 6& 

At tliB points where the ends of the diameters meet 
the circumference, draw tangents to the circle. Pro- 
duce each tangent both ways until they intersect one 
another; and a square will be constructed about a 
circle. 

81* To cwistruct a square which shaU be double a 
given square^ (fig. 72.) 

SoL In the given square ABCD, draw the diagonal 
AC, and construct upon it the square AEFC, which 
square will be double the square ABCD. For ABCD 
is composed of 2 equal triangles, ABC and ADC, but 
AEFC is composed of 4 triangles, each equal to ABC. 



Remcurk, In a right triangle the side opposite 
to the right angle is csdled the hypothennse. Now you 
will observe that the square constructed upon the hy- 
pothenuse AC of the isosceles right-angled triangle ABC 
is equal to the squares constructed upon AB and BC, 
the sides which include the right angle, taken together. 
We shall hereafter find this to be true in all right-angled 
triangles. 



To amstriict a square which shall be 4, 9, 16, 
25, 36, ^c* times as grecU as a giv&i square, (fig: 71.) 

Sol Let a square constructed upon AB be the given 
square. Produce AB, and take BC = AB, CF = AB, 
FI = AB, &c. Construct upon AC, AF, AI, &c., the 
squares ACDE, AFGH, AIKL, &c. ACDE is 4 times 
greater than the given square; AFGH is 9 times greater ; 
and AIKL is 16 times greater. 

If the side of a square is 2, its surface will be 4 times 
as great as that of a -square whose side is 1 ; a square 
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whose side is 3 will have a sur&ce 9 times as great as 
a square whose side is 1. 

84* To construct many rectangular and oblique- 
angled parallelograms upon a given straight line AB, 

(fig. 73.) 

SoL At the point A erect a perpendicular to AS. 
Take any points G and Din this perpendicular; through 
them draw lines parallel to AB. Through B draw a 
line parallel to AC. Thus we have constmcted 2 rec- 
tangular parallelograms upon AB. 

Again, make at A an oblique angle. In the side 
which together with AB includes this angle take any 
points E and F, and through these points draw lines 
parallel to AB. Through the point B draw a line par- 
allel to AE. We have thus constructed 2 oblique- 
angled parallelograms upon AB. If AC is taken equal 
to AB, the parallelogram will be a square ; if we take 
AE = AB, the parallelogram will be a rhombus. 

85. Thffo adjacent sides M and N and the included 
angle O of a parallelogram, being given^ it is required 
to construct the parallelogram, (fig. 74.) 

Sol. Draw a straight line AB = M. At A make an 
angle BAD = 0, and take AD = N. Prom D as a 
centre, with a radius equal to AB, describe an arc, and 
from the point B as a centre, with a radius equal to AD, 
describe another arc. Prom the point C, where these 
arcs cut each other, draw CD and OB. ABCD is the 
required parallelogram. 

86. 7%e 4 sides and 1 angle of a quadrilateral being 
given^ it is required to construct the quadrilateral^ (fig. 
75.) 
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Sol Let M, N, P and Gi be the given sides, and O 
the angle included by M and N. Draw AB = M. At 
A make an angle CAB = O, and take AC = N. Prom 
the point C as a centre, with a radius equal to P, and 
from the point B as a centre, with a radius = Q, de- 
scribe 2 arcs which will intersect at D. Draw DO and 
DB. ABCD is the quadrilateral required. 



. CONSTRUCTION OF POLYGONS IN GENERAL. 

87» To construct a hexagon which shail be eqtud to a 
given hexagon ABCDEP, (fig. 76.) 

SoL Divide the hexagon by diagonals into 4 trian- 
gles. Construct 4 triangles equal to those of the given 
hexagon and placed together in a similar order. The 
^itire polygon GHMLKI thus constructed will be equal 
to ABCDEP. 

In a similar manner polygons may be constructed, 
which shall be equal to a given polygon, whatever may 
be the number of its sides. 

88» To construct a regular polygon in and about a 
circle. 

Sol. Suppose the required polygon is an octagon. 
With the compasses divide the circumference of the 
circle into 8 equal parts. Connect the 8 division-points 
by chords; and at the same points draw tangents to the 
circle. In this manner one regular octagon will be con- 
structed within, and another without the circle. 

The problem can be s<dved by another mode. Con- 
struct a square in a circle. Bisect each of the sides of 
this square. Draw radii through these division points. 
Connect the ends of these radii by chords with the two 

8 
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nearest vertices of the square. The required octagon 
will thus be constructed. 

In a similar maimer, by means of an inscribed equi- 
lateral triangle, we may construct a regular 6, 12, 24, 
&c« sided polygon in a circle, and by drawing tangents 
at the points where the vertices of the angles of such 
figures touch the circumference, we may construct a 
polygon of an equal number of sides about a circle. 



CONSTRUCTION OF CIRCLES. 

89. To describe a circle about a triangle. 

Sol (Fig. 63. 1.) Bisect 2 sides of the triangle, 
and at each division-point erect perpendiculars, which 
will intersect each other at O. From O as a centre, 
with a radius equal to the distance from the point O to 
the vertex of one of the angles of the triangle, describe 
a circle. The circumference of this circle will pass 
through the vertices of all the angles of the triangle ; it 
will therefore be the circle required. 

Remark. If the triangle is right-angled, the centre 
of the circle will be in the middle of the hypothenuse ; 
if the triangle is acute-angled, this centre will be within 
the triangle, and if it be obtuse-angled, it will be with- 
out the trismgle. 

90. To describe a circle in a given triangle ABC, 
(fig. 63. 2.) 

Sol. Bisect the angles A and B by straight lines, 
which will intersect each other at O. From the point 
O let fall perpendiculars upon the 3 sides of the triangle. 
From O as a centre, with a radius equal to either of 



SOLIDS. 69 

these perpendiculars, describe a circle. The circumfer 
cnce of this circle will touch the 3 sides of the triangle 
It will therefore be the circle required. 

91: To describe a circle in and about a g^iven square 
SoL Draw 2 diagonals in the given square, and 
from the point where they intersect each other as a 
centre, with a radius equal to half a diagonal, describe 
a circle. The circumference of this circle will pass 
through the vertices of all the angles of the square, and 
thus we have a circle described about a square. 

Again, from the point of intersection of the diagonals 
let fall a perpendicular upon one of the sides of the 
square; then, from the same point as a centre, with 
a radius equal to this perpendicular, describe a circle. 
It will be a circle inscribed in square. 

■ 93* To describe a circle in and about a regular 
polygon. • 

SoL Bisect 2 adjacent sides of the polygon, and at 
the division points erect perpendiculars. From the 
point where these perpendiculars intersect each other as 
a centre, with a radius equal to one of the perpendicu- 
lars, describe a circle ; it will be an inscribed circle. 

Again, from this centre draw a line to the vertex of 
one of the angles of the polygon; and then with a 
radius equal to this Une, describe a circle ; it will be a 
circle circumscribed about the polygon. 



CONSTRUCTION OF THE SKELETONS OF SOLIDS. 

, We have before made rude diagrams of the 
skeletons of the solid bodies. We are now prepared to 
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construct them more accurately with the aid of instru* 
ments. The solid the skeleton of which is to be con- 
structed should be placed before us. Construct the 
skeleton — 

1. Of the cube, by placing together 6 equal squares, 
as shown in fig. 6. 

2. Of the triangular, quadrangular, pentagonal, and 
polygonal prisms, as shown in figs. 1, 2, 3, 4 

3. Of the cyUnder, fig. 6. The upper and lower sides 
of the rectangle must each be of the same l^igth as the 
circumference of each circle. 

4. Of the triangular pyramid, fig. 77. 

6. Of the polygonal pyramids, figs. 7, 8, 9, and 10. 

6. Of the cone, fig. 11. The curved side of the 
triangle must be of equal length with the circumference 
of the circle. 

7. Of the regular solids, as shown in figs. 77, 78, 79, 
80,6. 



PART THIRD. 



COMPARISON AND MENSURATION. 



I. Points. 



94« A point has no length, breadth, or thickness; it 
has in fact no extension ; a point is not the smallest par- 
ticle of a line. As a point has no extension it cannot 
be measured ; one point is as large as another, or rather 
neither has any magnitude. The representation of a 
point on paper or on the board has a magnitude, else it 
would not be visible ; but that which is represented has 
none. A point has only a position. Where a definite 
line, whether straight or curved, ends, there is a point. 
If two lines intersect, there is at the intersection a point, 
which lies in both lines. Place two points together, 
and the position of the one will not vary from the posi- 
tion of the other; they will have the same position, and 
will coincide. 

Off. If a point be moved, the path wnich it describes 
in moving will be a line. If the point moves forward in 
the same direction, it describes a straight line ; if the direc- 
tion be changed every moment, it describes a curved line ; 
if the direction be changed only once, it describes one 
line, composed of two straight lines joined together, or a 

8* 
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broken line, the parts of which make an angle ; if one 
point be moved round another point always at an equal 
distance, it describes a circular Hne. If a point remains 
in its course always at the same distance from a straight 
line, it will describe a straight line parallel to the 
former. If a point in a straight line be moved in a 
straight course, it must either continue in the same 
straight line, or it must leave the direction of that line. 
In this latter case, the straight line which it describes 
will make an angle with the former straight line. This 
angle may be either right or oblique. 



II. Lines. 

96. As a Line is the path described by the motion of 
a pointy it can only have extension in length ; not in 
breadth or thickness. All lines have in common the 
property of extension in length ; they may differ one 
from another in the quantity of the length, in their 
position, and in the position of their ccnnponent parts. 
If these parts all lie in one and ihe same direction, the 
line is a straight line ; if they do not all lie in the same 
direction, the line is either broken or curved. Three 
contiguous points in a curved line never lie in the same 
direction. Two points, let them lie as they may, can 
be connected by a straight line. A straight line cannot 
coincide with a curved line ; they can only have one or 
more points in common. 

07. A straight line is the shortest way from one 
point to another ; every curved line between the same 
points is longer than the straight line. The more nearly 
the curved line approaches to a straight line, the shorter 
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it will be. There may be many curved linesr between 
the same points ; there can be only one straight line, 
because there can be only one shortest way. In geome- 
try, when we speak of the distance between two points, 
we mean the length of a straight line, and therefore of 
the shortest line, which can connect them. 

98. Two points determine exactly the direction of a 
straight line. Tlierefore if an engineer wishes to mark 
out a straight line in a field, he sets a stake at each end 
of the line, and then sets other stakes between these 
twO) taking care Uiat all shall be in the direction of the 
first two. This he ascertains by tctking sight from one 
of these two to the other of them. If the straight line 
is to be made longer, he takes sight from one stake to 
another, and the stakes are successively set in the line 
of sight. In a similar manner a row of trees is set in a 
straight line, or a company of soldiers drawn up. Two 
straight lines which have 2 points in common must 
have the same direction, and must coincide. 



MENSURATION OF STKAIOHT UNES. 

99. A magnitude can be measured only by compar- 
ing it with a magnitude of the same kind; thus, 
length can be measured only by length, surface by sur- 
face, weight by weight Some one known magnitude 
is taken as the unit, and to measure a magnitude we 
seek how often this unit is cc»itained in it. Therefore, 
To measure a magnitude is to dei&rmme how often a 
known magnitucte, which is taken as the unit of mea- 
sure, is contained in the magnitude to be measured. 
There are as many different units of measure^ as tttere 
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are different kinds of magnitudes. In this school-room 
we might employ long, surface, and solid measures, 
since here are lengths, surfaces, and solids to be mea- 
sured. 

lOO. At present we will confine ourselves to the 
measure of length, or long measure. In measuring 
short lengths, we take as the unit of length; or linear 
unit, an inch^ a /oo/, or a yard. When we actually 
perform the operation of measuring, we make use of a 
wooden or metallic rw/c, upon which the feet and inches 
are marked. If we have a line of great length to mea- 
sure, we take a rod or a mile as the linear unit, and in 
performing the operation of measuring we make use of 
a wooden or metallic rod^ of a iape^ or of a chain. If a 
straight line is to be measured, we seek how often the 
unit of measure is contained in it. This may be done 
either by directly applying a rule, a rod, or a chain, or 
by another mode of which we shall have examples 
hereafter. If a curved line is to be measured, we seek 
how long it would be if it were extended in a straight 
direction. Thus a straight unit of measure is used to 
ascertain the length of all lines. 



III. Of Angles. 

1. Of Angles in General. 

lOl. An angle is the opening, or the mutual indi- 
nation of two lines meeting in a point. 

109* Angles in respect to the nature of their sides 
are divided into rectilineal, whose sides are straight 
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lines ; curvilineal, whose sides are curved lines ; fnixtUi- 
neal having one side a curved line, the other a straight 
line. At present we have to do with rectilineal angles 
only. 

3. Relative Magnitude. 

108. Two angles may be either equal or unequal. 
They are equal when the sides of each have a similar 
inclination ; in such case, if one be placed upon the 
other, they will entirely coincide; the vertex of one 
will coincide with the vertex of the other, and the sides 
of the one with the sides of the other. Equal angles 
agree in all respects, and the angles which do not agree 
in all respects are unequal. « 

3. Relative Position. 

1041. Two angles may lie entirely apart one from 
the other, so that their sides shall have no part in com- 
mon. 

Or J They may have one side entirely in common, or 
partly in common (fig. 81.) 

The sides the parts of which are not in common 
may form one straight line, (fig. 82.) Such angles are 
called adjacent angles^ as angles R and S. 

Or^ Two angles may have only the vertical point in 
common. If such angles are equal, and the sides of 
one being produced coincide with the sides of the other, 
thus forming 2 straight lines, the angles are called 
vertical angles ; as the angles O and X ; M and N, (fig. 

83.) 

-• 

lOff. If two parallel straight lines are crossed by a 
third line, the angles thus made have a relative position 
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one to another, which is expressed by particular names. 
Thus, (fig. 84,) 

G and F, D and E, ^., are aUermUe internal angles^ 
because they are on opposite sides of the single line, and 
within the parallels. 

A and H, B and G, &c., are cUiemaie external angles. 

D and F, C and E, &c., are interior angles upon the 
same side, because they are contained between the par- 
allels, and are on the same side of the line which crosses 
them. 

A and G, B and H, &c., are exterior angles upon the 
sa/nhe side. 

A and E, B and F, G and C, H and D, are external 
iiliemal angles^ because one is without and the other 
within the parallels, and both are on the same side of 
the single line. 

We have also many pairs of adjacent angles ; viz., A 
and B, A and C, B and D, E and G, &c. ; and many 
pairs of vertical angles, viz., A and D, B and C, E and 
H, &c. 

4. Maonitvob or Anolvs taken together. 

lOS* Two adfacent angles are together equal to 2 R. 
A. or 180^. This follows directly from (84.) There- 
fore, if one of the angles=i j- R. A., then the other =2 
R. A. — i R. A. = 1J R. A. The one = 30% the other 
= 150^ 

All the angles in the same plane about a point are 
together equal to 4 R. A., or 360^. Hence, when one 
line crosses another, since all right angles are equal, if 
one of the angles is a right angle, then all are R A. 

107. T\ao vertical angles are equal one to tne other ^ 
(fig. 83.) M = N, = X. 
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Dem. M + 0=:2 R. A. and M + X=2 R. A. 
(1«6.) Therefore M + = M-f X; for it is an 
axiom that things which are equal to the same thing are 
equal to one another. M = M, therefore O = X, for it is 
also an axiom, that if equals be taken from equals the 
remainders will be equal. In a similar manner it may 
be demonstrated that M == N ; and in general, that the 
vertical angles made by any number of straight lines 
crossing at one point are equal to each other. 

108. Two extemal-intemcd angles are equal one to 
the other, (fig. 84) A = E, B = F, &c. 

For two parallel lines have a similar position, one 
with the other ; therefore a straight line crossing them 
has the same inclination to each, that is, it makes equal 
angles with each. 

100. The two interior angles upon the same side 
taken together are equal to 2 R. A., (fig. 84.) D + F= 
2R. A.;C + E=2R. A. 

Dem. B==F (lOS) and D = D. It is an axiom 
that if equals be added to equals the sums will be equal ; 
therefore B + D=F + D. But B + D = 2 R. A., 
(1«6) ; therefore F + D = 2 R. A. 

no. 7W alternate4niemal angles are equal one to 
the other, (fig. 84.) C = F, D = E, &c. 

Dem. C + E = 2 R. A. (1©»), and F+E = 2 R. 
A. (106) ; therefore C + E = F + E ; therefore C^F. 

111. It may also be demonstrated that the altemate- 
external angles are equal to each other, (for example A 
= H ; B = G ;) that two aUernaie-intemaUexternal an- 
gles taken together are equal to 2 R. A. ; (that is, A + 
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Fa=2 R. A., B-f E = 2 R. A.;) and that two esterwr 
angles upon the same side are together equal to 2 R. A. 
(that is, A + G = 2 R. A.; B + H = 2 R A.) 

119. Reciprocally, we may infer that two straight 
lines are parallel, if, when crossed by a third straight 
line, the following propositions are true ; and the reverse 
of this, that two straight lines are not parallel, if these 
propositions are not true, viz., if. 

The external-internal angles are equal. 

The alternate*intemal angles are equal. 

The alternate-external angles are equal. 

The interior angles upon the same side are together 
equal to 2 R. A. 

The exterior angles upon the same side aie together 
equal to 2 R A. 

The altemate-extemal-intemal angles are together 
equal to 2 R. A. 

lis. If two straight lines AB and CD ore each par- 
fdM to a third tine EF, they are parcdld to each other 
(fig. 86.) 

Dem. Draw a straight line crossing the other three. 
Then, because AB is parallel to EF, therefore angle O 
s= Y (108), and because CD is parallel to EF, there- 
fore angle X= Y; therefore = X, consequently AB 
is parallel to CD. 

114. Ihco straight lines are parallel to each other ^ 
if each is perpendicular to a third line ; for the interior 
angles upon the same side taken together will be equal 
to2R A. 
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5. Mensuration or Avolu. 



lis. For the measure of angles upon paper we 
make use of a protractor. For measurmg angles in the 
field various instruments are used, more or less compli- 
cated. The most simple is a graduated circle, (which 
may be made of metal, wood, or pasteboard,) with an 
index moving on a pivot in the middle. Place the 
instrument at the vertex of the angle to be measured, 
and make the index coincide in direction with one of 
the sides of the angle; then move the index until it 
coincides in direction with the other side of the angle, 
noting the number of degrees on the graduated circle 
which it pas^s over ; this number will be the magni- 
tude of the angle. 

For determining directions which shall be perpendic- 
ular to the surface of still water, that is, to a horizontal 
surface, a leaden weight hanging freely from a string, 
and called a plumb, is used. Positions which are par- 
allel to the direction of the plumb, are perpendicular 
to the horizon, that is vertical. Masons use the plumb 
in building walls. 

For determining horizontal positions a plumb level, 
(fig. 88,) is frequently used. It consists of a wooden 
frame made in the form of an isosceles triangle, with a 
plumb attached to it. The base of the triangle is placed 
upon the surface the position of which is to be deter- 
mined; if the plumb falls directly over the marked 
centre point of the base, then this base, and conse- 
quently the surface upon which it stands, is horizontal. 
This kind of level is sometimes made in the form of the 
letter L- The two parts raiust be exactly perpendicu- 
lar, one to the other ; a plumb is suspended from the top 

9 
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of the vertical ruler; and if the string coincides exactly 
wiA the edge of this ruler, then the other ruler must be 
horizontal This kind of level is also made in the form 
ol an inverted "T". viz., J_. 

But the ^nrii level is the most accurate, and the one 
most commonly u«ed. It consists of a cylindrical glass 
tube filled with spirits of wine, excepting a small por- 
tion containing air ; the ends of the tube being hermeti- 
cally sealed. The bubble of the air, being the lightest 
part of the contents of the tube, will always rim to- 
wards that end which is highest; but when the tube is 
horizcmtal it will have no tendency to either end. The 
bare»of the tube is not exactly cylindrical, but it is slightly 
curved, the convex side being upward; therefore the 
bubble will rest in the middle of the tube, when the 
tube is horizontal. The tube is fitted into a block ct 
wood, the bottona of which is exactly parallel to the 
tube ; so that when the bottom of the block is horizon- 
tal, the bubble will be exactly between two scratches 
marked on the top of the tube to show the middle. 

IV. Figures. 

* 

1. FiovREs IN General. 

lie We defined a line to be the path described by 
the motion of a point. In a similar manner we may 
say that a surface is the spezce described by a Une moved 
in any direction but thai of its length. For example, if 
you suppose a straight line to be turned on a pivot at 
one extremity or in the middle, it will describe a circle; 
if it be moved in a direction perpendicular to its length 
it will describe a parallelogram. If we suppose a curved 
line to revolve on an axis connecting its extremities it 
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Will describe a curved fi^urfaoe. A line has no thick- 
ness, consequently a surface has no thickness. A line 
has ]ength, and its motion makes breadth, consequently 
a surface has extension in two directions, viz., length 
and breadth. 

3. Tri^lnglbs in General. 

117« In every triangle one side is less than the sum 
of the other two. For a straight Ime is the shortest dis- 
tance between two points ; therefore (fig. 87) AB -c^ AC 
+ CB, 

118. In every triangle the 3 angles are together equal 
to two right angles, 

Dem, Through the vertex of the angle A, (fig. 87,) 
draw a straight line parallel to the opposite side EC. 
Then O = B, and X = C (1 lO). Consequently O + X 

+ A = B + C+A. ButO + X + A=2 R. A.(»i); 
therefore B + C+A=2 R. A. 

119« A corollary is a consequence which follows 
directly from a proposition. From the preceding pro- 
position we have the following corollaries. 

190« Cor. 1. In every triangle there can be but 1 
R. A., and but 1 obtuse angle ; there must be at least 2 
acute angles. . 

131 • Cor. 2. In every right triangle the 2 acute 
angles are together equal to 90^. In every obtuse- 
angled triangle the 2 acute angles are together less than 
90^ 
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133. Cor. 3. ^ If 2 angles of a triangle aie e4]iial, eaefa 

is an acute angle. 

1S3. Cor, 4. If 2 angles of a triangle are given, 
the 3d angle may easily be found, for it is equal to 2 R. 
A. less the sum of the given angles. If one angle =^ 64°, 
and another =70^ then the 3d angle = 180** — 64 — 
70° = 46°. Thus if two angles of one triangle are equal 
to two angles of another, then the third angle of the one 
must be equal to the third angle of the other. 

134. The exterior angle of a triangle, that is, the 
angvo made by producing one of the Mes of a triangle, 
is eqtml to the sum of the two opposite interior angles, 
(fig. 88.) Angle ACD = angle ABC + angle CAB. 

Dem, ACD + ACB = 2 R. A. ; ABC + CAB + 
ACB = 2 R. A.; therefore ACD -f- ACB = ABC + 
CAB -|- ACB. Subtract ACB from each side, and we 
have ACD = ABC + CAB. 

ISS. The three exterior angles of a triangle are 
together equal to 4 R. A. For the sum of each pair of 
adjacent angles is 2 R. A. ; in all 3 X 2=6 R. A. The 
interior angles together ss= 2 R. A., therefore the exterior 
angles together =6 — 2 =: 4 R. A. 

3. Of Equal Triangles. 

ISO. Two triangles are equal, if 2 sides and the 
included angle of the one are equal to 2 sides and the 
included angle of the other, each to each. 

Dem. Let BC = EF, BA = ED, and angle B = E, 
(fig. 62.) Now suppose the triangle ABC to be placed 
upon DEF, so that point B shall fall upon E, and C 
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upon P; this is possible, because BC = EP; in this 
case BC will coincide with EP. Because angle B = E, 
BA must take the direction ED, and because BA == ED, 
the point A must fall on D. Thus the end-points C and 
A of the line CA fall upon the points P and D, which are 
the ends of the straight line FD, consequently CA and 
PD must coincide. Thus the two triangles coincide 
throughout, and consequently they are equal. 

19Tk Two triangles are equal if two angles and the 
interjacent (lying between) side of the one are equal to 
two angles and the interjacent side of the other, each to 
each, 

£>em. (fig. 62.) Let angle B = E, angle C = P, and 
side BC = EP. Suppose the triangle ABC to be laid 
upon DEF, so that BC shall coincide with EP. Be- 
cause angle B = E, BA must be in the direction of ED, 
and the point A must fall in ED; because angle C 
= F, CA must be in the direction of PD, and point 
A must fall in PD. Thus the point A is in both the 
lines PD and ED ; it can only be at their point of inter- 
section D. Consequently the two triangles coincide 
throughout, and are equal. 

138* Remark. In both these cases of equal tri- 
angles, equal angles are opposite to equal sides. 

129. In every isosceles triangle the angles opposite to 
the equal sides are equal, (fig. 86.) 

If ACB is an isosceles triangle of which the sides AC 
and CB are equal, then the angles A and B are likewise 
equal. 

Dem, Bisect the third angle O by a straight line 
which shall meet the opposite side at the point D. In 

9* 
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the triangles ACD and BCD, the sides AC and CB aie 
equal by supposition, CD is ccnnmon, and the angle 
ACD = BCD by construction. Therefore triangle 
ACD = BCD, (I965) consequently angles A and B 
are equal. 

ISO* Ccr, 1. If the two equal sides of an isosceles 
triangle be produced^ the angles formed wUhoui the tri- 
angle will be eqtial, for each of them, together with one 
of the equal angles A and B, is equal to 2 R. A. (IM.) 

131. Cor. 2. Equilateral triangles are also equian- 
gular; and each angle is equal to 60^. 

h 
133. Cor. 3. If one angle of an isosceles triangle 
be given, the others may easily be found. Let one 
of the angles at the base be given ; because the other 
angle at the base is equal to this, the sum of the two 
subtracted from 180** will give the third angle. If the 
angle opposite to the base is given, subtract it from 180*^, 
divide the remainder by 2, and the quotient will be the 
size of each angle at the base. 

The base of an isosceles triangle is the side which is 
not equal to one of the others. In triangles not isosceles 
either side may be taken for the base. The vertex of 
thn angle opposite to the base is sometimes called the 
'vertex of the triangle. 

133. From the equality of the triangles ACD and 
BCD the following propositions may be deduced. 

1. The straight line which bisects the angle C is per- 
pendicular to the base AB. Because the adjacent angles 
CDA and CDB are equal and therefore right angles. 

2. A straight line drawn from the vertex of an isos- 
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celes triangle perpendicular to the base, bisects that 
base. 

3. If a perpendicular erected upon the middle point 
of one side of a triangle meets the vertex of the opposite 
angle, then the other two sides are equal to each other. 

4 A perpendicular erected upon the middle point of the 
base of an isosceles triangle, bisects the opposite angle. 

134. If ta>o angles of a triangle are equals the sides 
opposite to these angles are also equal. 

Dem, (fig. 86.)" Let angle A = B. Up<Mi the mid- 
dle point of the base AB erect a perpendicular to AB. 
If this perpendicular passes through the vertex of the 
triangle, then AC=:?=BC, (133. 3.) Suppose it does 
not pass through the vertex, but meets the side AG at E. 
DrajkV EB. Triangles EAD and EBD are equal, (196 }) 
consequently angle EAD =? EBD. But angle EAD = 
CBD ; consequently angle EBD = CBD ; that is, a part 
is equal to the whole, which is absurd. Therefore, the 
perpendicular CD does pass through the vertex of the 
triangle, and the sides AC and BC are equal. 

13S« Two right angled triangles are equal, if two 
sides of the one are equal to two sides of the (^her^ each 
to each. 

Dem, If the equal sides include the right angles, 
then the equality of the triangles has already been 
demonstrated, (1S6.) 

But let us suppose the hypothenuse AB and side BC 
of triangle ABC (fig. 89. 2.) to be respectively equal to 
the hypothenuse DE and side EF of triangle DEF. 
Suppose the triangle ABC to be placed so that BC shall 
coincide with EF. AB will take the direction of EG^ 
and, because the angles DFE and ACB are right angles^ 
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AC will coincide with DF produced ; suppose with FO. 
We shall thus have an isosceles triangle DEG. Now 
EF is perpendicular to DG, and therefore bisects it, 
(laS. 2;) thus GF=AC==:DF. Therefore the tri- 
angles ABC and DEF are equal, (1411.) 



We are how prepared to denaonstrate another 
principle, viz., that any point in a perpendicular EC 
(fig. 67,) erected at the middle of a straight line AB, is 
at equal distances from the. two extremities of this line. 
Let us take the point D, and draw the lines DA and 
DB. The triangles DAG and DAB are equal ; for AC 
and CB are equal by supposition, and CD is common to 
both. Therefore the sides AD and DB are equal, which 
was to be demonstrated. 

187. Car. Two oblique lines, as AD and DB, 
drawn at equal distances from a perpendicular, are 
equal. 

138* Two triangles are equal if three sides ef the 
one are equal to three sides of the other, each to each, 
(fig. 89. 1.) If AB = DE, ACs=DF, andBC=EF, 
then is triangle ABC = DEF. 

Dem. Suppose the triangle ABC to be moved fronr 
its place so that BO shall coincide with EF, and the 
triangle ABC shall occupy the space GEF ; BA coin- 
ciding with EG, and CA with FG. Draw DG. The 
angles C and F may be either acute, right, or obtuse, 
and each case will be considered separately. 

!• Acute angles, (fig. 89. 1.) By si;pposition ED z=z 
EG and FD=FG, therefore angle EDG = EGD, and 
angle FDG=FGD, (ISO j) consequently angle EDG 
+- FDG = EDF = angle EGD + DGF == EGF. Now 
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a»^ EGF = BAC, therefore angle EDP « BAG. 
CJonsequently triangle ABC = triangle DEF, (1^.) 

2. Right angles, (fig. 89. 2.) By supposition ED 
= EG, therefore angle D = G. Angle A = G, there- 
fore A = D ; consequently triangle ABC = triangle 
DEF, (I960 

3. Obtuse anglesj (fig. 89. 3.) By supposition ED s= 
EG and FD = FG, therefore angle EDG = EGD, and 
angle FDG = PGD. Consequently angle EDG — 
FDG = angle EDF = EGD — FGD = EGF. Now 
angle BAC = EGF, therefore angle BAC = EDF; and 
the triangle ABC = DEF, (!»«.)> 

In each case equal angles are opposite to equal sides. 

139. In every triangle the greater side is opposite to 
the greater angle, (fig. 90.) If AC >• AB, then is angle 
B > angle C. 

Dem, In the side AC take AD== AB and draw BD. 
Angle ABD = ADB, (199.) But angle ADB > ACB, 
(19*5) much more is angle ABC=ABD + DBC> 
ACB. 

140, Cor. In every triangle whose sides are not 
equal, the greatest side is opposite to the greatest angle, 
and the least side to the least angle. 

141 • In every triangle the greatest angle is opposite 
to the greatest side, (fig. 90.) If angle B > C, then is 
AC>AB. 

Dem. Draw BD, making the angle CBDs=s angle 
C. Because angle CBD = BCD, therefore BD = CD, 
(183 5) DA= DA ; and therefore BD + DA = CD -}- 
DA. But BD + DA > BA, consequently CD + DA =. 
OA>BA. 
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1^, In every triangle whose angles are not equal, 
the least angle is opposite to the least side, the mean 
angle to the mean side, and the greatest angle to the 
greatest side. 

143. In the two triangles ABC and DEF, (fig. 109,) 
let the sides AB and AC be respectively equal to the 
sides DE and DP, but the angle EDF be grater than 
the angle BAC ; then nnll the side EF be greater than 
the side BC. 

Dem. Let the triangle ABC be placed upon the tri- 
angle DEF, so that AB shall coincide with DE ; but 
as angle BAC is less than EDF, the side AC will not 
fall upon DF, but will fall within it, suppose in the posi- 
tion DG ; BC will lie in the position EG, and triangle 
DEG will be equal to triangle ABC. Draw FG. In 
the isosceles triangle DFG, angle DGF = angle DPG, 
(ISO*) It is self-evident that DFG is greater than 
EFG; therefore DGF is greater than EFG; much more 
is EGF greater than EFG ; therefore the side EP is 
greater than the side EG, or its equal BC, (138.) 

144. The converse of this proposition is true, viz. : 
that if the sides AB and AC are respectively equal to 
the sides DE and DF, but the side EF is greater than 
the side BC, then will the angle EDF be greater than 
the angle BAC. For angle EDF cannot be equal to 
angle BAC, for then the two triangles will be equal, and 
the side EF = BC, which is contrary to the supposi- 
tion ; neither can angle EDF be less than angle BAC", 
for then the side EF would be less than the side BC, 
which is also contrary to the supposition ; angle EDF 
must therefore be greater than angle BAC. 
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4. QtULDftlLiTEAALB. 

14S* In every quadrilateral the sum of all the angles 
is equal to AK. A. 

Dem. By a diagonal the quadrilateral is divided 
into 2 triangles. The sum of the angles of each tri- 
angle is equal to 2 R. A. ; consequently the sum of the 
angles of both triangles, that is, of the quadrilateral, is 
equal to 4 IL A. 

146. Every parallelogram ABCD.i^ divided by a 
diagonal DB into two eqttal triangles, (fig. 91.) 

Dem. AB is parallel to DC, therefore angle ABD 
= BDC, (110 j) AD is parallel to BC, therefore angle 
BDA = DBC; BD = BD; therefore triangle ABD== 

CBD, (lar.) 

147, Cor. la equal triangles equal sides are oppo- 
site to equal angles ; consequently AD^^CB, and AB 
= CD ; that is, in eyery parallelogram the sides opposite 
to each other are equal. Ekich. par( of the angle B is 
equal to a part of the angle D, therefore the entire angle 
B is equal to the entire angle D ; the^ angle C »= A ; that 
is, in every parallelogram the opposite angles are equal. 

148« Equivalent figures are such as have equal sur- 
faces. Two figures may be equivalent, although dis- 
similar in form ; thus a circle may be equivalent to a 
square. 

149. The aUUude of a parallelogram is a line drawn 
from one side perpendicular to the opposite side con- 
sidered as the base, or to that side produced if nece^^ 
sary. The altitude of a triangle is a perpendicular 
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drawn from the vertex of an angle to the opposite side 
taken as a base; as CD is the altitude of triangle ABC, 
(fig. 86.) 

ISO* Two parallelograms having the same or equal 
bases and an equal altitude^ are equivalent. 

Dem, Upon one of the sides of the parallelogram 
ABCD (fig. 92^) construct a second parallelogram 
ABEP, of which the side opposite to AB shall be in 
DC produced, that is, which shall have an equal alti- 
tude with ABCD. We are to prove that ABEP is 
equivalent to ABCD. AB = DC; AB = PE, (145,) 
therefore DC = PE ; CP = CP ; therefore DC + CF 
=DP == PE + CP = EC. Again, AD = BC, and AP 
= BE, therefore triangle ADP = BCE, (138.) 

Triangle OCF=OCP, therefore triangle ADP — 
OCP = ADCO is equal to triangle BCE — OCP == 
BOFK Triangle AOB = AOB, therefore AD(X)^- 
AOB = ABCD =BOFE + AOB = ABEP. 

Let the parallelograms have not the same but equal 
bases, and have equal altitudes; we can suppose one 
to be placed upon the other, so that the bases shall 
coincide, and then the case becomes identical with the 
preceding. 

ISl. Cor. Every oblique parallelogram is equiva- 
lent to a right parallelogram of an equal base and an 
equal altitude. 

1«I3« Every triangle is equivalent to one half of a 
parallehgram of equal base and eq^rnl altitude. 

Dem. Let BC==EP, and AG be parallel to BP. 
Draw CH parallel to BA. Parallelograms ABCH and 
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DEPG are equivalent, (ISO.) Triangle ABO = | 
ABOH, therefore it is equivalent to | DEPG. 

ltS3. Cor. Two triangles of equal bases and equal 
altitudes are equivalent, because each is the half of a 
parallelogram having an equal base and an equal alti- 
tude. 

5. POLTGONS IN GbNKBAL. 

UMU The sum of aU the angles of a rectiiineai figure 
is equal to twice as many right angles^ wanting 4, as the 
figure has sides. 

Dem. From any point within the figure draw 
straight lines to the vertex of each angle. Thus the 
figure will be divided into as many triangles as it has 
sides. The sum of all the angles of each triangle =2 
R. A., therefore the sum of all the angles of all the tri- 
angles is equal to 2 R. A. multiplied by the number of 
sides in the figure. But the angles (equal to 4 R. A.) 
about the point within the figure do not belong to the 
figure ; therefore we must deduct 4 R. A. 
For example, the angles of a 

triangle together = (3 X 2) — 4 = 2 R. A. 

quadrilateral = (4 X 2) — 4 = 4 R. A. 

pentagon =-(5x2) — 4= 6 R. A. 

20n =(20x2) — 4 = 36 R. A. 

IAS, In a regular polygon all the angles are equal, 
therefore each angle of a regular triangle 
= IX2R.A. = fR.A.= |X90«=:60* 

Of a regular quadrilateral, 
= ix4R.A. = 1R.A.= lx9(y^ = 90* 

10 



92 COMPABISON AMD 1USN8UBATI0N. 

Of a legolar hexagon, 
BB ^x8R.A. s |R.A.» 1^x90^=120* 

Of a regular 20n, 
= sArX36R.A. =r fSR.A.s lfx90<>»162* 

Of a regular lOOOn, 
=TjhniX 1996R. A.=i8UR- A.=l^%x90<'=179V5ftfc- 

lff6. Suppose a circle to be circumscribed about a 
regular polygon, and a straight line to be drawn from its 
centre to each angular point of the polygon; there will 
thus be formed about the centre as many equal angles 
as the polygon has sides. 

If the polygon be a 

triangle each centre angle ss ^ R. A. =» 120^ 
quadrilateral '' '' = t B. A. =» dO^" 
hexagon " " = tR.A.= 60* 

decagon « " =^R.A.= 36* 

The greater the number of the sides of the inscribed 
polygon, the greater will be its angles, but this less will 
be the centre angles. One centre angle, and one angle 
of the inscribed polygon are together equal to 2 R. A. ; 
because they are equal to the three angles of a triangle. 
For example, each angle of a regular hexagon =^ 120® ; 
each centre angle =60**; and 60* + 120** = 180®. 

IIST. The angles made by producing the sides of a 
polygcm are called exterior angles. Each exterior angle 
with its adjacent interior angle are together = 2 R. A. 
Therefore the sum of all the exterior and interior angles 
is equal to as many times 2 R. A. as the polygon has 
sides. But the sum of all the interior angles is equal to 
as many times 2 R. A. as the figure has sides, less 4 R. 
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A. ; consequently, the sum of all the exterior angles of a 
polygon is equal /& 4 R. A. 

Iff8* The size of the interior angles increases with the 
number of sides, consequently that of the exterior angles 
must decrease in the same proportion. The size of each 
exterior angle of a polygon may be found by dividing 4 
R. A. by the number of sides in the polygon. Thus 
each exterior angle of a triangle s== f R. A. s= 120® 

" " pentagon s=: | R. A. =: 72® &c. 
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6. Mensuration of Rectilineal Figures. 

ISO. A quantity is measured by comparing it with 
some known quantity of the same kind, (OS.) The 
most simple of surfaces is a square, for in this figure the 
two 'dimensions are the same. The square, therefore, 
has been adopted as the unit of measure for surfaces, or 
superficial unit; and its side is taken equal to some 
linear unit, as an inch, a foot, a mile, &c. To measure 
a surface we seek how often the unit of measure is con- 
tained in that surface, that is into how many squares, 
of equal magnitude with the unit, the surface to be 
measured can be divided. Area and surface are nearly 
synonymous terms. But area is more particularly a 
surface measured, and expressed in numbers of super- 
ficial units. 

ion* Here we have a right parallelogram ABCD, 
(fig. 94.) Let the side AB contain 5 linear units, and 
the side AD contain 3 of the same units ; and let the 
sides be divided accordingly. From each division-point 
of AB draw a line parallel to AD ; and from each divis- 
ion-point of AD draw a line parallel to AB. The sur- 
face of the parallelogram will thus be divided into 5x3 
equal squares ; each of the sides of which is equal to 
the linear unit If the linear unit be 1 inch, then each 
square is 1 square inch, and the area of the parallelo- 
gram is 5 X 3 = 15 square inches. If the linear unit i» 
a it)d, then each square is a square rod, and the paral- 
lelogram contains 15 square rods. Thus we learn that 
the area of a right parallelogram is found by multiply^ 
ing together two adjacent sides, thai is, the ba^e by the 
aUiiude, 

But the oblique parallelogram is equal in surface to a 
10* 
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right parallelogram of equal base and equal altitude, 
(ItSl j) consequently the areaof any paraUehgram may 
beftmnd by multiplying its base by its altitude. 

161* Every triangle is equivalent to the half of a par- 
allelogram of equal base and equal altitude. Hence the 
area of a triangle is found by multiplying its base by its 
altitude, and dividing the product by 2. We shall come 
to the same result by multiplying the whole base by i the 
altitude, or the whole altitude by i the base. Thus the 

area of triangle ABC (fig. 86)= ^ =^AB X 

CD = ABxJCD. 

163. To find the area of polygons in general we 
must divide them into triangles, and then find the area 
of each triangle by itself; the sum of the areas of all the 
triangles will be the area of the polygon. In the penta- 
gon ABODE, (fig. 96,) draw the diagonals AD and AC. 
From the vertex of the angle B let fall upon AC the 
perpendicular BP. From the vertices of the angles C 
and E let fall upon opposite sides of AD the perpen- 
diculars CG and EH. The area of triangle ABC = 

ACxBF. . , ,^^ ADxCG . , .^„ 
5 ; tnangle ACD = Q ; triangle ADB = 

5 ; therefore the area of the pentagon ABCDE = 

(AC X BF) + (AD X CO) + (AD X EH. ) 

2 

leS. The area of the trapezoid ABDC, (fig. 95) is 
equal to (CF X i AB) + (BE X i CD.) CF = BE, 
therefore the area of ABDC is equal to CF X (i AB + J 
CD ;) that is, the area of a trapezoid is found by muUi* 
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plying half the sum of Us paraUd sides by the distance 
between those sides, 

164. The area of any regular polygon may be 
found by multiplying its perimeter byJudfthe radius of 
the inscribed circle. 

Take for example the regular pentagon ABODE, 
(fig. 97.) From the centre O of the inscribed circle 
draw the lines OA, OB, &c., to the vertices of all the 
angles. As many triangles will thus be formed as the 
.figure has sides. The area of the polygon is equal to 
the sum of the products of the bases of these triangles^ 
viz., AB, BO, &c., by half their altitudes OF, 06, &c. 
But these altitudes are radii of the inscribed circle, and 
therefore are equal ; 'therefore we can multiply the sum 
of the bases, that is the perimeter of the polygon, by ^ 
the altitude of one triangle, that is, one half the radius 
of the inscribed circle. 

7. ThB CzBdiB. 

165. The length of the radius determine? the dis* 
tance of the circumference of a circle from the centre, 
and consequently determines the size of the circle. 
Therefore, circles having equal radii or equal diameters 
are equal, 

106« In a circle, or in equal circles^ equal angles, the 
vertices of which are ai the centre, unll intercut equal 
arcs upon the circumference, and the chords which sub^ 
tend those arcs will also be equal; conversely, equal chords 
subtend equal arcs, and the angles ai the centre measured 
by those arcs are equal. 
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If the arc AB = arc CD, then the chord AB= chord 
CD, (fig. 98.) 

Dem. Draw the radii OA, OB, OC, and OD. Be- 
cause the angles at the centre are measured hy the arcs 
intercepted hy their legs, (tS9,) equal arcs must be inter- 
cepted by equal angles; thus the angle AOB= COD; 
OA = OC, and OB =iOD by construction ; consequently 
triangle AOB = COD ( ia« 5) therefore AB = CD. 

Conversely; AB = CD, OA = OC, OB=OD, con- 
sequently triangle COD = AOB, (1S8 therefore angle 
AOB = COD. Again, the arcs AB and CD belong to 
the same circle, and therefore have the same curvature; 
the chord AB ss chord CD, by supposition, therefore if 
the segment AB be laid upcm segment CD, so that chord 
AB shall coincide with chord CD, then the arc AB 
must coincide with arc CD ; therefore they are equal. 

167. A straight line drawn from the centre of a 
circle to the middle of a chord in the same circle is per^ 
pendictdar to that chord, and bisects the arc subtended by 
that chords and the angle at the centre measured by the 
arc. 

Dem. (Pig. 99.) Draw the radii^OA and OB. Now 
AC = CB by supposition, OA = OB by constructioui 
and OC = OC; consequently triangle AOC = BOC, 
(1S8;) therefore the adjacent angles OCA and OCB 
are equal, and therefore right angles; consequently OC 
is perpendicular to AB. The angles COA and COB 
are likewise equal ; therefore arc AD = arc DB ; conse- 
quently the angle O and the arc AB are bisected. 

168. A straight line drawn from the centre of a circle 
perpendicular to a chord of the saTne circle bisects that 
chord. 



FI6UBB8. 99 

Dem. (Fig. 99.) Draw the radii OA and OB. We 
have now an isQsqeles triangle of which the centre O 
is the vertex, and the chord AB is the base* A per- 
pendicular let fall from O upon AB must bisect AB, 
(133.) 

169. Cor. A perpendicular erected upon the middle 
of a chord passes through the cefitre of the circle. There- 
fore we can find the centre of a circle by erecting a per- 
pendicular upon the middle point of each of two chords ; 
the point where these perpendiculars intersect each 
other will be the centre of the circle. 

170* The perpendicular AB erected at the extremity 
of OA, a radius of a circle, is a tangent to the same dr^ 
cle, (fig. 101.) 

Defm, In AB take any point C. Draw 00. Angle 
OAC is a right angle by supposition, therefore angle 
OCA < 1 R. A. (laO 5) therefore 00 > OA (13» j) 
But OA is a radius, consequently the point C, and ^v^xy 
point in the line AB is more than the length of a radius 
distant from the centre O, and therefore is without the 
circle. Thus the line AB touches the circumference 
only at one point, and therefore is a tangent to the 
circle. 

171. Cor. A radius or a diameter drawn from the 
point of contact of a tangent to a circle is perpendicular 
to that tangent ; otherwise there might be two perpen- 
diculars to a straight line at one point; that is, two 
straight- lines which shall meet it so as to make the 
adjacent angles equal ; which is impossible. 

173* An inscribed angle is one made by 2 chords 
and having its vertex in the circmnference. An angle 
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inscribed in a s^ment is one made by 2 chords drawn 
from any point in the arc of the segment to the extremi- 
ties of its chord or base. 

An inscribed angle ACB, (fig. 102,) has for its mea- 
sure half of the arc AB intercepted between its sides. 

Dem. The centre of the circle, O, may be in oi^ of 
the sides ; between the sides ; or without the sides. 

Casel. (Fig. 102. 1.) Angle AOB= OCR + OBC, 
(1»1.) 00 — OB, consequently angle OCB=OBC, 
(189 5) therefore angle AOB = 2 OCB =2 ACB. 

Case 2. (Fig. 102. 2.) Draw the diameter CD. 
Angle AOD = 2 ACD ; angle BOD = 2 BCD ; therefore 
angle AOD + BOD (= AOB) = 2 ACD + 2 BCD (=2 
ACB.) 

Case 3. (Fig. 102. 2.) Draw the diameter CD. 
Angle DOB = 2 DCB ; angle DOA = 2 DCA ; therefore 
angle DOB — DOA (= AOB) = 2 DCB — 2 DCA = 2 
DCA + 2 ACB — 2 DCA (= 2 ACB.) 

In each of these cases the angle AOB is measured by 
the arc AB, consequently angle ACB = i AOB is mea- 
sured by the half of the arc AB. 

173. Cor. 1. All angles inscribed in the same or in 
equal segments are equal ; because each is measured 
by the half of the same or of equal arcs; for example, 
angle CED=:CGD, (fig. 106.) 

174. Cor. 2. Every angle, as ACB, ADB, (fig. 
103,) inscrilir^d in a semi-circle is a right angle, for it 
has for its measure the half of a semi-circumference, 
that is, a quadrant. 

17ff, Cor. 3. Every angle, as ACD, CDB, (fig. 
103,) inscribed in a segment less than a semi-circle is 



FiOURfiSK. 101 

an obtuse ai^te, for it is measured by the half of u& axo 
greater than a semi-circumferenee. 

176. Ccr. 4 Every angle, as ABC, ABD, in- 
scribed in a segment greater than a semi-<^ircle is an 
acute angle, for it is measured by the half of an are less 
than a semi-circumference. 

}77* Cor. 5. In every quadrilateral inscribed in a 
circle, the sum of the opposite angles = 2 R. A. (Fig. 
106,) A + C = 2 R. A.; B + D=2 R. A. For Ae 

angle A is measured by ; the angle is mea- 

sured by -. — 5 ; therefore A + are measured by 

arc DCB + arc DAB . . - i_. i_ . 

o ^^* semi-circumference, which is 

the measure of 2 R. A. 

. 178. The angles made by a tangent and a chords 
drawn from the point of contact j are equal to the tingles 
inscribed in the altemaie segments of the drele, (fig. 
106.) Angle DCB = CED and angle ACD=CHD; 
that is, each angle made by the tangent and chord is 
equal to the angle inscribed in the segment on the op- 
posite side of the chord. 

Dem, Draw the diameter CG. Angle GCB is a 
right angle (171 j) theirefore angle GCD + DCBb 
GCB = 1 R. A. Angle GDC is a right angle (179 ;) 
therefore angle GCD + DGC = 1 R. A. (118}) con- 
sequently angles GCD + DCB = GCD + DGC ; there- 
fore angle DCB = DGC. Angle DGC = DEC, there- 
fore DCB == DEC. Again, angle CED + CHD = 2 
R. A. (177 }) angles ACD + DCB = 2 R. A., conse- 
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quently angle OED + OHD=ACD + DOB; OED=s 
DCB ; consequently CHD= ACD. 

179* 7%« radius of a drele may be drawn six times 
as a chard of the same circle. 

Dem. (Fig. 107.) In a circle draw the chord AB 
equal to a radius of the circle. Draw the radii OA and 
OB. We shall thus have an equilateral triangle OAB, 
consequently the angle AOB = § R. A. =j 60**. The 
angles about the centre O are together equal to 4 R. A. 
s=360*; consequently six angles each equal to AOB 
may be made about this centre. Equal angles at the 
centre intercept equal arcs ; and the chords which sub- 
trad those arcs are equal (IM $) consequently each of 
the chords of these 6 arcs is equal to AB. 

180* Cor, To inscribe a regular hexagon in a circle. 
we have only to draw the radius six times as a chord. 
The angles of the hexagon will be equal ; since each is 
measured by the half of an. arc equal to | of the cir- 
cumference. Thus the hexagon having equal sides 
and equal angles is a regular hexagon. 

181« The preceding proposition enables us to solve 
a problem of great practical utility, viz., to find very 
nearly how often the radius or diameter of a circle is 
contained in the circumference of the same circle ; that 
is the ratio which one bears to the other. Since a 
straight line can never coincide with a curved line, this 
cannot be found directly ; nor with perfect accuracy ; 
but by comparing the circumference of a circle with the 
perimeter of an inscribed regular polygon, the ratio has 
been found by approximation^ as it is called. It is first 
compared with an inscribed hexagon. A chord being a 
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straight line is less than the arc which it subt^ids* 
therefore the circumference is more than six times as 
great as a radius of the same circle, or more than 3 
times as great as a diameter ; that is, the diameter mul- 
tiplied by 3 would not give us the l<»gth of the circum- 
ference. The smaller the chord the more nearly will it 
approach in magnitude to the arc it subtends; the 
greater the number of the sides of the inscribed polygon 
the more nearly will its perimeter approach to the cir- 
cumference of the circumscribing circle ; so that if the 
mimberof the sides were infinite the difference between 
the perimeter and circumference would be infinitely 
small. (Fig. 107.) From the centre O let fall a per- 
pendicular upon the chord EF ; thus the chord and the 
arc EF will both be bisected, at the points I and G re- 
spectively (ICff.) Draw GE and GF ; we thus have 2 
sides of an inscribed regular dodeoagm* By means 
of the right-angled triangles OIF and GIF, by a pro- 
cess which will hereafter be explained (SISO^) we can 
find the magnitude of a side of this dodecagon. The side 
of the dodecagon is then bisected in like manner, and 
the magnitude of the side of a regular inscribed polygon 
of 24 sides is found. We thus approximate more and 
more nearly to the truth. The process has been con- 
tinued until the perimeter of the inscribed polygon 
consisted of many thousand sides. The diameter of the 
circumscribed circle being taken equal to 1, the calcu- 
laticfti of the perimeter of the inscribed polygon has 
been carried to 140 decimals ; but the value 3.1415926 
is near enough for all purposes ; that is, the circumfer- 
ence of a circle is 3.1415926 times greater than its 
diameter. For ordinary purposes the expression 3.14 

— r will be found sufficiently accurate. If the dr- 

11 
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cumference is divided into 314 parts, the diameter will 
contain 100 of these parts; and by muUiplying the dia* 

tneter of any circle by — — we obtain the circumference 

luO 

of that circle. For example, let the diameter of a circle 
be 10 feet ; the circumference is — — - — = Sl-,^ feet. 

Tf the circumference is knotim, the diameter may be 
found by m,uUiplying the circumference by 100 and 
dividing the product by 314. For example, if the 
cii cumference of a circle is 50 feet, the diameter is 

^^^1«« = 15m feet 



314 



8. Mensuration of Circlss. 



189. The quadrature or squaring of the circle, that 
is, the finding the area of a circle, is a problem upon 
which tt great deal of time has been wasted. It never 
can be bolved exactly. We can obtain the approximate 
area by ^considering the circle as a regular polygon hav- 
ing an ixifinite number of sides. The area of such a 
polygon is found by multiplying its perimeter by half 
the radius of the inscribed circle. But the perimeter of a 
polygon having an infinite number of sides may be con- 
sidered as coinciding with the circumference of the 
inscribed circle, since the difference will be infinitely 
small. Hence the radius of the inscribed circle and the 
radius of that to be measured will be equal ; and there- 
fore the area of a circle may be found by mtdtiplying its 
circumference by half its radius. 

For example, if the diameter of a circle is 8 feet, 
what is the area of the circle ? Answer, The circum- 
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ference of the circle will be — ycu\ — =26^ feet Mul- 
tiply 25/^ feet by i the radius or i the diameter, and 
we have 26^ X 2 = 50^ square feet for the area of the 
circle. 

183* The process for finding the area of the sector 
of a circle, that is, the portion contained between an arc 
and the radii drawn from its extremities as OADB, (fig. 
99,) is easily deduced from the preceding proposition. 
The arc may be considered as made up of infinitely 
small straight lines, from the extremities of which radii 
may be drawn. The sector will thus be divided into 
triangles, and its area will be equal to the sum of the 
products of the bases of the triangles by j- their alti- 
tudes. The triangles have a common altitude equal to 
the radius, and the sum of their bases is equal to the 
arc of the sector ; therefore the area of the sector of a ciT" 
cle is equal to the product of its arc by half its radius. 

184* The area of the segment ABD, (fig. 99,) is 
found by subtracting the area of the triangle AOB from 
the area of the sector OADB. 

18S* The area of an annular surface is found by 
subtracting the area of the smaller circle from that of 
the greater. 

186* It is often required to measure a figure bounded 
in part' by straight and in part by curved lines, as 
ABCDEH (fig. 108.) Draw the straight line HD. 
The area of the pentagon ABCDH is equal to the sum 
of the areas of the triangles into which it may be 
divided by the diagonals HB and HC. In the curve 
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line DH take any points E, F, G, so that tne parts DES, 
EF, &c., may without any material error be considered 
as straight lines. Draw HE and HF. Find the areas 
of the triangles HED, HFE, and HGF, and their sum 
added to the area of the pentagon will be the area of the 
entire figure. 



y. Solids. 
1. Or Solids in Ginbsal. 

187. We have supposed a surface to be the space 
described by the motion of a line ; in like manner a 
solid may be supposed to be produced by the motion of 
a surface in any direction but that of its length or 
breadth. The surface itself has extension in two direc- 
tions, and the motion produces an extension in a third 
direction, viz., in thickness; thus a solid has three 
dimensions of extension, viz., length, breadth, and 
thickness. As lines are terminated by points, and sur- 
faces by lines, so solids are terminated by iSurfaces. 
These surfaces may be either plane or curved. For 
example, a triangle, quadrilateral, or other rectilineal 
figure, moved in a direction perpendicular to itself, 
generates the prism, a solid bounded by plane surfaces. 
A right-angled triangle, revolving on one of those sides 
which include the right angle, generates a cone, a solid 
bounded by one curved and one plane surface. A rec- 
tangle revolvhig on one of its sides generates a cylinder, 
a solid bounded by one curved and two plane surfaces. 
A circle or a semi-circle revolving on its diameter gener- 
ates the sphere, a solid bounded by one curved surface. 
The three solids last named, viz., the cone, the cylinder. 
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and the sphere, are called the three solids of revolution^ 
or the three round bodies, 

2. Mensuration of the Surfaces. 
TTie Prism and Cylinder. 

188* The coQyex surface of a prism is composed of 
parallelograms having an equal altitude. The bases of 
the prism are equal polygons. Find the area of each 
face, and the sum of the lohole wiU be the superficial con^ 
tents of the prism. 

189. Since the cube is bounded by 6 squares, and 
consequently by equal faces, its superficial contents 
may be found by taking the area of one face 6 times. 

For example, if the side of a cube = 2 feet, then the 
area of one face = 2x2 = 4 square feet, and the su- 
perficial contents of the whole cube will be equal to 
4 X 6 = 24 square feet. 

> 

190. The surface of a perpendicular cylinder con- 
sists of two equal circles, and of a convex surface which 
is equivalent to a parallelogram, whose base is equal to 
the circumference of one of the bases of the cylinder, 
and whose altitude is equal to the altitude of the cylin- 
der, (fig.' 6.) Therefore the area of the convex surface 
of the cylinder is found by multiplying the circumference 
of one of the bases by the altitude of the cylinder. To 
this product add the areas of the bases^ and we^ shall 
have the superfidal contents of the whole cylinder. 

The Pyramid and Cone. 

191 • The base of a pyramid is a polygon, and its 
convex surface is composed of triangles. Find the area 

11* 
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of each separately, and the sum of the whole will be 
the suj^rficial contents of the pyramid. 

If the base is a regular figure, and the pyramid is 
perpendicular, that is, if a perpendicular let fall from 
the verier (or point where all the triangles meet) to the 
base, passes through the centre of the base, then all the 
triangles of the convex surface will be equal, and its 
area may be found by multiplying the sum of the sides 
of the base by j^ the altitude of one of the triangles. 

193. The Cone may be considered as a perpendicular 
pyramid whose convex surface is composed of an infi- 
nite number of equal triangles. Consequently the convex 
surface of the cone is equcU to the product of the circum- 
ference of its base multiplied by half its sidCy as the 
straight line AB, (fig. 11,) drawn from the vertex of the 
cone to the circumference of the base, is called. 

By examining the skeleton of the cone, (fig. 11,) you 
will find that its convex surface is equal to a sector of 
a circle, whose radius is equal to the side of the cone, 
and whose arc is equal to the circumference of the base 
of the cone. The area of the sector is found by multi- 
plying its arc by half its radius, consequently the area 
of the convex surface of the cone is found by multiply- 
ing the circumference of its base by half its side. To 
this product add the area of the base, and we have the 
superficial contents of the cone. 

Example, What are the superficial contents of a cone 

whose side is 12 feet, and the radius of whose base is 5 

feet? Answer, The circumference of the base is 

314 X 10 

— — - — = 31f feet; therefore the area of the base is 

31f Xf==7'8i square feet. The convex surface is 
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12 

31 f X -Q = 188| square feet The superficial content 

of the cone is 78^ X 188f =266^ square feet. 

Regular Solids, 

193, All the faces of the regular solids are regular, 
and therefore equal figures. Consequently the superfi- 
cial contents of a regular solid are equal to the area of one 
of its faces multiplied by the number of faces. 

The Sphere. 

194* As a regular polygon is inscribed in a circle, 
and the circumference of the circle compared with the 
perimeter of the polygon, in order to get the approx- 
imate ratio of the circumference to thef diameter of a 
circle; so we can suppose a regular polyedrony as a 
solid bounded by plane faces is called, to be aiclosed 
within the sphere, and the superficies of the sphere to 
be compared with that of the polyedron. In this man<^ 
ner the method of calculating the superficial contents of 
the sphere has been leamt It is found that it is equal 
to the product of the diameter of the generating drek 
mtdtipUed by its circumference. This circle, and indeed 
all circles, whose centres coincide with that of the 
sphere, are called great circles of the sphere. The 
diameter of a sphere is a line passing through the centre 
and terminating both ways in the surface. 

The area of a circle is equal to the product of its cir- 
cumference by half its radius, or one fourth of its di- 
ameter, (183 j) consequently the surface of a sphere is 
equal to four times the area of a great circle. 

Example. If the diameter of the sjdiere is 10 inches, 
then the circumference of a great circle of that sphere 
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will be — z~r — = 31 1 inches ; and the area of a great 
circle will be 31| X -j- square inches. The surface of the 

sphere will be 31f X-j X 4 = 31f X 10 square inches; 

that is, the surface of the sphere is equal to the circum- 
ference of a great circle multiplied by the diameter of 
the sphere. 

3. Mensuration of the Solidity. 

IftS* The Ckibe is the most simple of solids, since its 
three dimensions are the same. Therefore, a cube 
whose side is a linear unit has been adopted as the unU 
of solidity. As its sides are linear units, its faces are 
the squares of those linear units, that is, they are super- 
ficial units. If the side be one inch, the face will be 
one square inch, and the whole body one cubic inch ; if 
the side be a foot, the face will be a square foot, and the 
whole solid a cubic foot To measure a solid we seek 
how many of these units may be contained in the solid, 
or into how many cubes of equal magnitude with that 
taken for the unit, the soUd to be measured may be 
divided. As we used the word area to denote a smrface 
considered as measured ; in a like maimer we use the 
word solidity to denote the magnitude of a solid or its 
bulk. The terms volume and solid contents have a sim- 
ilar import. 

The Prtsm and the Cylinder, 

196. If the parallelograms composing the convex 
surface of a prism are perpendicular to the base, it is 
called a right prism ; otherwise it is called an obUque 
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prism* If the bases of a prism be parallelograms, th^ 
all its faces will be parallelograms, and the prism is 
called a paraMelopiped, If all the faces are rectangles it 
is called a rectangxilar parallelopiped. 

197« We will first sedc: the method of finding the 
solidity of a rectangular parallelopiped. Let us sup- 
pose its base to be 4 feet long and 3 feet broad, then the 
area of this base will be 4 X 3 = 12 square feet 

If the parallelopiped be 1 foot thick or high, it is ap- 
parent that it may be divided into 12 lesser solids, each 
of which will measure 1 cubic foot ; consequently the 
whole parallelopiped will measure 12 cubic feet; which 
is equal to 4 X 3 X 1, that is, to the product of its three 
dimensions. If the parallelopiped is 2 feet high, then 
there may be two layers of the small solids, that is, twice 
as many as before, and the solidity of the paraUelopiped 
will be 4 X 3 X 2, that is, the product of its three di- 
mensions. Hence we infer that the solidity of a rec- 
tangular parallelopiped may be found by multiplying 
together its three dimensions ; or, since the product of 
its length and breadth is the area of the base, it may 
be expressed shortly ; The solidity of a rectangular par^ 
allelopiped is equal to the product of its base by its altiiude. 

The altitude of a prism is a perpendicular let fall 
from one base to the other, or to the other produced. 
In a right prism the altitude is equal to each of the 
upright sides. In this oblique prism (fig* 110) the line 
EG is the altitude. 

19§* The cube is a rectangular parallelopiped, of 
which the three dimensions are the same, consequently 
the solidity of a cube may be found by multiplying one 
side into itself twice. For example, if the side of a cube 



112 COMPARISON AND MENSURATION. 

is 8 inches long, then its solidity is 8 X 8 X 8sss512 
cubic inches. Thus 1 cubic foot = 12 X 12 X 12 = 
1728 cubic inches. 

199. Let us suppose a rectangular and an oblique 
parallelepiped of equal altitude, to be constructed upon 
the same base. The rectangular parallelepiped is formed 
of an infinite number of rectangles, the bases of which 
compose the base of the parallelepiped ; and the oblique 
parallelepiped is formed of an infinite number of oblique 
parallelograms, the bases of which compose the base of 
the parallelepiped. These component rectangles and 
parallelograms are equivalent, (149 f) their sums must 
be equivalent, that is, the two parallelepipeds are equiv- 
alent. The solidity of a rectangular parallelopiped is 
found by multiplying its base by its altitude; conse- 
quently, the solidity of any parallelopiped may be J&und 
by rmiitiplying its base by its altitude. 

90O. Every parallelopiped may be divided into two 
equal prisms, the bases of which are equal triangles. 
The solidity of each of these triangular prisms is one 
half the solidity of the whole parallelopiped ; it may 
therefore be found by multiplying the altitude of the 
parallelopiped by one half its base. But each of the 
triangles which are the bases of the triangular prism is 
one half of the base of the parallelepiped ; consequently, 
the solidity cf the triangular prism may be found by 
multiplying its base by its attitude, 

901* Every prism may be divided into as many 
triangular prisms, as the polygon taken for its base can, 
by diagonals, be divided into triangles. The solidity 
of the entire prism is equal to the sum of the products 
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of the base of each triangular prism multiplied by its 
altitude. But the triangular prisms and the entire 
prism have an equal altitude, and the sum of all the 
bases of the triangular prisms is equal to the base of the 
entire prism ; consequently, the solidity of any prism is 
equal to the product of its bfise multiplied by its altitude. 

3<KS« The cylinder may be considered as a prism 
whose convex surface is composed of an infinite number 
of parallelograms ; consequently the solidity of the cylin- 
der may be found by multiplying 'Us base by its cUtitude, 
By the altitude is to be understood a perpendicular which 
measures the distance between the two bases. 

Example. If the altitude of a cylinder is 8 inches, 
and the diameter of its base 6 inches, w^hat is the solidity 
of the cylinder? Answer, The circumference of the 

base is — — - — =s 1&^ inches ; and the area of the 

6 471 X 6 
base 18-^ X j= — =28|^ square inches. Con- 

« 
sequently the solidity of the cylinder is 281^X8 = 

226/y cubic inches. 



The Pyramid and the Cone, 

303« Every triangular prism may be divided into 3 
triangular pyramids. Experiment will best show how 
this may be done. In this figure (fig. 110) we have a 
representation of it. ABC and DEF are the bases of a 
triangular prism, which is divided by the planes ABP 
and DFB into 3 triangular pyramids. These pyramids 
are equivalent, that is, equal in solidity, one to the other. 
It may be demonstrated that pyramids which have 
equal bases and equal altitudes are equivalent. It is 
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evident that the bases and altitudes of the two pyra- 
mids F-ABC and B-DEF are equal, consequently 
these two pyramids are equivalent. Let us now com- 
pare the pyramid P-ADB with B-DEF, of which we 
now suppose DEB to be the base. It is at once evi- 
dent that these two pyramid^ have equal bases and 
equal altitudes, and therefore are equivalent, conse- 
quently p. ADB= B - DEP = F - ABC. 

The triangular pyramid is, therefore, i of a triangular 
prism of equal base and altitude. The solidity of the 
triangular prism is equal to the product of its base by its 
altitude, consequently, the solidity of a triangular pyra- 
mid is equal to ^ of the product of its base by its alti- 
tude, or, to the product of its base by i of its altitude. 



Every pyramid may be divided into triangular 
P3rramids ; consequently, the solidity of omf pyramid is 
eqtiol to the product of its base mulHpUed by ^ of Us 
altittide, 

90S, The Cone may be considered as a pyramid 
whose convex surface is composed of an infinite number 
of triangles, consequently, the solidity of a cone is equal 
to the product of Us base multiplied by \ of Us aUUude, 

Other Solid Bodies. 

908. The Tetraedron is a triangular pyramid. The 
Octaedron may be divided into 8 pyramids having 
equal bases and altitudes. Each of these pyramids will 
have a face of the polyedron for its base, and ^ of a face 
axis for its altitude. The vertices lie together at the 
middle of the octaedron. The solidity of the octaedron 
is equal to 8 times the solidity of each pyramid. In a 
similar manner the dodecaedron may be divided into 
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12, and the icosaedron into 20 pyramids. In general 
the solidity of any polyedron may be found by dividing 
it into pyramids ; find the solidity of each pyramid^ and 
the sum of all will be the solidity of the entire solid. 

The Sphere. 

907« Liet us suppose the sphere to be cbnyerted into 
a polyedron with an infinite number of faces. We can 
suppose each of these faces to be the base of a pyramid, 
with its vertex at the centre of the sphere. Each of 
these pyramids will have a radius of the sphere for its 
altitude. Thus the solidity of the sphere is equal to 
that of a pyramid having a base equivalent to the sur- 
face of the sphere, and an altitude equal to the radius 
of the sphere. Consequently the soHdity of the sphere 
may be found by multiplying its surface by ^ its radius 
or ^ its diameter. The surface of a sphere is 4 times 
the area of a great circle of the same sphere ; therefore 
the solidity of a sphere is equal to the product of a 
great circle of that sphere multiplied by $ the diameter. 

Example. If the diameter of a sphere is 4 feet, what 
is its solidity? Answer. The circumference of a great 

circle is feet; therefore the area is j^y^i: square 

feet = 12^1 square feet ; and the solidity is 12^1 X 2| 
= 33^1 cubic feet. 

908* The surface of a sphere is equal to the product 
of the circumference of a great circle multiplied by the 
diameter ; and the product of this surface multiplied by 
\ the diameter is the solidity of the sphere. Thus the 
solidity of a sphere may be found by multiplying the 
circumference of a great circle by | the square of the 

12 
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diainetier. Again, the circumference of a great circle is 
equal to tlie product of the diameter mnitipUed by •^-- ; 

consequently the solidity of the sphere is equal to the 
product of i of the cube of the diameter multiplied by 

•— ~ , which is equal to the cube of the diameter multi- 

314 ■ 
plied by ^-— , or by its equivalent decimal fraction, .693. 

That is, the solidity of a sphere is equal to tlie product 
of the cube of its diameter multiplied by .623. 



MlSOBLLANEOI[^ PROPOSITIONS. 

SKM^« To find the diaiance between two q^ects, when 
U cqmnoi be directig measured, as, far example, between 
A and B, (figi Ul,) which are separated by a sea* 

Sol Take any point C, so that the lines GA and 
GB can be directly measured with a rod or a chain. 
Produce these lines beyond G, taking CD = CA, and 
GE»=C& Because GA»:CP; CB^^CE and angle 
AGB = DGE, (1«7 ^ therefore triangle AGB=«DGE, 
(1^65) consequently AB = DE. Measiire DE and we 
have the required distance AB. 

910* To find the distance between two ohjecte, only 
one of which can be reached. 

Suppose the line AB, (fig, Ul,) the point A b^ng 
accessible. 

Sol Draw from A a straight line in the direction of 
AB. Draw AC perpendicular to such line, and pf any 
convenient length ; produce AC, taking CD™ AC ; upon 
CD at the point D erect a perpendicular; through C 
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dratr a straight line in the direction BC and produce it 
ttntil it intersects at E the perpendicular erected upon 
CD; Now AC=OD, angle A = D (being R. A.,) and 
angle AGB = DCE^ (197 )) therefore triangle ACB« 
DCS, (197;) consequently ABsDK The length 
of 4B is fi>und by measuring DE. 

91 1, To divide a given triangle ABC, (fig. 112,) 
into 'two equivcUeiit parts by a straight line, 

Sol, 1. Draw the line AD from the vertex of one 
of the angles A to the middle of the opposite side. Now 
6D=±:t)C ; that is, the triangles ABD and ADC have 
equal bases, and since their altitudes are also equal, the 
triangles are equivalent, (1S3.) 

Sol, 2. Suppose it is required to draw the dividing 
line fnnn the point D in one of the sides AB of the 
given triangle. Bisect the side AB, (fig. 113,) at E. 
Draw CE and CD. Now the triangle BDC is greater 
than i ABO by the part EDO ; therefore we must take 
from triangle BDC a part equivalent to EDO. Draw 
EG parallel to DO ; and then draw DG, which will be 
the division line required. For triangle EDO = ODG ; 

9 

since they have the same base CD, and an equal alti- 
tude. If therefore we take the triangle ODG from the 
triangle CDB, we shall take a part equivalent to EDO. 
There will remain the triangle BDG = BEC ; and con- 
sequently =1 ABC. Thus the line DG divides the 
triangle ABC into two equivalent parts. 

319* To transform a parallelogram, ABCD, (fig. 
114,) into a triangle of equal area. 

Sol, Produce one side of the parallelograni BC, tak- 
ing CE = BC. Draw AE. The triangle ABE is the 
one required^ 
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Dent. Dr^w AC. Triangle ABC = ACE and tri- 
angle ABC = ACD, (103 5) therefore triangle ACE = 
ACD. Add triangle ABC to each side of this equation, 
and we have ACE + ABC (= ABE) = ACD + ABC 
(= parallelogram ABCD.) That is, if a triangle has 
an equal aUUvde and twice as great a base as a paralr 
lehgram, the triangle will be equivalent to the paraUelo^ 
gram. 

918* -To construct a triangle which shall be 1 j- times 
as great as a given parattelogram ABCD. 

JSol (Fig. 116.) Produce BC and take BE:;=r3 
BC. Draw BD and DE. BDE is \iie required tri- 
angle. 

Dem. Draw DP. Triangle BCD = DCF = DFE, 
(153.) Triangle BCD = j. paraUelogram ABCD; 
therefore BDE = 3X1 ABCD= 1^ ABCD. 

914* To transform a triangle into a paraUebgram 
of equal area. 

Sol Construct a parallelogram upon ^ the base of 
the triangle, with an altitude equal to that of the trian- 
gle. It can readily be demonstrated that such a paral- 
lelogram will be equivalent to the triangle. 

If it is required that the parallelogram should have 
an angle of a given size ; then bisect BC, (fig. 116,) at 
D. Make at D, in line DC, an angle equal to the given 
angle. Through A draw AF parallel to BCj and 
through C draw CF parallel to DE. DCEF is the 
parallelogram required. 

91«S. In a parallelogram, two intersecting diagonals 
bisect each other. 
Dem. (Fig. 117.) AB = DC, (147 j) angle EAB 
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ttel^D and angle EBA = EDO, (11©,) consequently 
triangle AEB *= DEO ; therefore EB = ED and EA 

= Ea 

9MI* Ti0a diagonals drawn in a square or a lozenge 
cut ea^h other at right angles ; in all other parallehi' 
graints at obliqtie angles. 

Dem, Let ABCD, (fig. 118,) be a square or a 
loasenge ; then AE = EC, (aiS,) DE = DE ; AD= DC 
by supposition; consequently triangle AED=CED, 
(ISVj) therefore angle AED=CED; and conse- 
quently DE is perpendicular to AC (».) 

2. Let ABCD, (fig. 117,) be a rectangle or a rhom- 
boid, in which the sides AB and DC are greater than 
AD and BC. AE = AE, ED = EB, (»!«,) but AB 
>AD; therefore angle AEB>AED, (144^) But 
angle AEB + AED = 2 R. A. (!©• J) therefore AEB 
> 1 R. A., and AED< 1 R. A., that is, AC cuts DB 
obliquely. 

JllTc T\vo di&gonafls dreewn in a square or a lozenge 
divide fhe angles into equed parts; in all other paraUelo^ 
grains into uneqtuid parts, 

Dem, Let ABCD, (fig. 1 18,) be a square or a lozenge ; 
then AB= AD ; AC = AC ; BC = DC ; therefore trian- 
gle ABC=ADC ; consequently angle CAB = CAD. 

In parallelogram ABCD, (fig. 117,) side AB>BC; 
therefore angle ACB> CAB, (188.) But angle ACB 
=sCAD, (11* 5) therefore angle CAD > CAB. 

31 d* To divide a paraUdografm into 2, 3, 4, ^e. 
mticd parts, 

Sol, (Fig. 119.) Divide any side AB into the re- 
qitired number of parts, and through the divisicHi pointis 

12* 
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draw lines parallel to the side AD ; the given parallelo* 
gram will thus be divided as was required. 

319. Let GF (fig. 120) be a straight line drawn 
through the middle of a diagonal of a parallelograim ; 
how will it divide the parallelogram ? 

Sol. Triangle ADC = ABC, (146.) EC = EA, 
angle ECG==:EAF and CEG = AEF, (lOT,) there- 
fore triangle EGC = EFA. Consequently triangle 
ADC — EGC (= quadrilateral AEGD) = triangle ABC 
— EFA (= quadrilateral ECBF.) Again, triangle 
EGC == EFA, therefore AEGD + EFA = AFGD = 
ECBF + EGC = BFGC ; that is, the parallelogram 
ABCD is divided into two equal parts. 

390. Let ABC (fig. 121) be a right triangle of 
which B is the right angle. Upon each side of the 
triangle construct a square. What ratio will the square 
constructed upon the hypothenuse bear to the squares cofi- 
structed upon the sides which include the right angle ? 

Sol. If the side AB = BC, the squares constnicted 
upon those sides will be equal, and a perpendicular let 
fall from the vertex of the angle B upon AC will bisect 
AC, (1S3^) and if produced will bisect the square 
ACDE. If AB>BC, then square ABFG>BCKH, 
and the perpendicular let fall from the vertex of the 
angle B will divide AC and also the square ACDE into 
2 unequal parts ; the greater part being nearest to A. 

Let fall upon AC the perpendicular BL, and produce 
it to M. Draw BD and AK. The triangle ACK = i 
BCKH, (158.) Triangle BCD = J CLMD. In tri- 
angles ACK and BCD we have AC = CD and CK = 
CB ; angle BCK = ACD being right angles and BCA 
= BCA ; therefore angle BCK + BCA (= angle ACK) 
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z=: ACD + BCA (= BCD ;) therefore triaagle ACK == 
BCD, (136 ,) consequently twice the triangle ACK (=3: 
BCKH) is equal to twice the triangle BCD (= CLMD.) 
It may be demonstrated in a similar manner, that the 
parallelogram ALME = square ABPG. Consequently 
CDML + LMEA = square ACED = square AFGB 
-f- BCKH. That is, in every right-angled triangle the 
square of the hypothenuse is eqttal to the sum of the 
squares of the other two sides. This is called the pro- 
position of Pythagbras, because he first discovered the 
ratio. 

S31« Cor. 1. The square of the hypothenuse of a 
right-angled isosceles triangle is equivalent to twice the 
square of one of the equal sides. 

Cor. 2. A square circumscribed about a circle ia 
double a square inscribed in the same circle. For the 
side of the former is equal to a diagonal of the latter, 
and is consequently the hypotibenuse of a right-angled 
isosceles triangle. 



To construct a square which shall be equal to 
2 given squares. 

Sol. (Fig. 122.) Let M and N be the sides of the 
giv^i squares. Construct a right angle ; take one of its 
sides equal to M, and the other side equal to N. Con- 
nect the extremities of these sides by the line X. The 
square constructed upon X will equal the sum of the 
squares of the sides M and N. 



If it is required to construct a square which 
^hall be equal to the sum, of Z, A, 5 or more squares, a 
similar method is adopted. Suppose, for example, the 
sides of the given squares are M, N, O, P, and Q, (fig. 
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122.) Make a right angle. Take one of its sides equal 
to M, the other equni to N. Draw X. Upon X, at its 
extremity, erect a perpendicular, and take in it a part 
equal to O. Draw Y. Upon Y, at its extremity, erect 
a perpctwiicular equal to P. Draw Z. Erect a per- 
pendicular at the extremity of Z. Draw V. Now 

.^a s 2 —2- ->a — a *— a — a -^a ^a 

V = CI+Z;Z=P+Y;Y=0+X;X = 

m'' + n'' ; consequently v"" = m"" + N* 4- O^-f P V U^ 

334* To constn^ci a square which ahaU be 4, 9, 16^ 
90, 100, 105, 4*c., times as great as a given square. 

SoL Piodnce the sides of the given square, uittil the 
produced parts idiall be 2, 3, 4, 10, 4sc., times as great 
as the sides themselves; npon these parts constmel 
squares, and such squares will be qoadruple, nine times 
Am^., the gwea square. 

if it is reqaised to construct a square which shall be 
do timeft as great as a given square, the operation will 
be somewhat more intricate. The shortest sttethed is to 
take the next smallest square of a whole number, which 
is 81. Now 90 s» 81 + 9. ' Ccmstruct squares &1 times 
and 9 times as great as the given square, and place the 
two squares together at ri^t angles with each other. 
Draw a line connecting the sides of the two squares 
which include the right angle, and such line will be a 
side of the required square. For example, (fig. 123,) 

AC''=AB^+BU''=9 X 1+81 X 1=90 X 1; the 
sides of the given square being equal to 1 part, a square 
constructed upon AC will be the square required. Sup- 
pose it is required to construct a square 105 times as 
great as a given square. 105 = 100 + 4 + 1. Make a 
right angle ;. take one of the sides 10 parts long; and the 
otiier side 2 parts long ; draw the hypothenuse. At the 
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extremity of this erect a perpendicular 1 part long. 
Draw again an hypotbenuse, and it will be a side of the 
required square. 

2StS. To construct a square which shall be equal to 
the difference of two given sqttares, 

Sol. (Fig. 122.) Let N and X be sides of. the given 
squares. Make a right angle. Take one side of it 
equal to N, a side of the lesser square. From the ex- 
tremity of this side of the angle as a centre, with a radius 
equal to X, a side of the greater square, describe an arc, 
which will, intersect the other side of the angle. Thus 
we get M, which is a side of the required square. For 

W^+ if = X^; therefore m''= X^— N* . 



The angle formed by the intersection of two 
chords (produced) without a circle is equal to the differ^ 
ence between the two angles in the circumference stand' 
ing upon the cares intercepted by the two chords. 

Dem. Draw BC. (Fig. 124.) Angle ABO=BEC 
+ BCE, (184 ,) therefore angle BEC = ABC — BOB. 

937. An angle formed by the intersection of tu>o 
chords^ (AB and CD,) within a circle is equal to the sum 
of the angles in the circumference standing upon the 
arcs intercepted by the chords. 

Dem. (Fig. 125.) Draw the chords AC and BD. 
Angle AED = ACD + CAB, (124.) In like manner 
angle CEB = ABD -f CDB. 

S38* To draw a tangent to a circle^ whose Centre is 
(X, from a point D without the circle, (fig. 126.) 
Sol. Draw DO. Upon DO as a diameter describe a 
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eireumference; which will mterseet the circtinrfbfraee 
of the giren eiicie at two points, A and B. Draw DA 
and DB, both of which lines are tangent 1o the giTen 
circle. 

To demonstrate this let us dfaw the radii GA and 
OB. Now each of the anglei^ OAD and (^D is a right 
angle, (174«) OA is perpendicular to AD and OB to 
BD; and consequently AD and BD are tangents. 



Again, OD«=OD; OA = OB; angles OAD 
Andt OBD are right angles; therefore triangle OADss: 
OBD, (laS)) consequently AD = BD; that is, two 
tangents to a circle drawn from, the same point, and not 
produced beyond the point of contact, are eqtdoL 



Since the triangles OAD and OBD are equal, 
angle ODA s= ODB ; that is, the angje formed by the 
intersection of two tangents to the same circle is bisected 
by a straight line drawn from the centre of that cirde to 
the vertex of the angle. 

331. To transform a rectangle into a square. 

SoL Upon the greatest side AB of the rectangle 
ABCD, (fig. 127,) construct a square ABFG. Upon 
AF as a diameter describe a semi-circle. Produce CD 
to the circumference at E. Draw AE. A square con- 
structed upon AE will be equivalent to the rectangle 
ABCD. 

Dem. Draw EF. Angle AEP is a right angle, 

(ir4,) thwefore AE V Ef''== If^= ABGR ED 
is perpendicular to AP, Hierefore BA^rs ABCD, (fl!M.) 



FftOPoeiTieiis, 1^ 

TV ^hoim ^ meridkm Une^ IhaU is^ to draw « 
IlOcizol|^kl fiUikigbi line ie 4he.dir«Qtioa North and South. 
At iiooa the «bad9w« of objects foil ia the direction of 
their n^eridia^n Une. i&ich «k line is used in the qou-* 
structi^li of iHui dial$K 

Sol. Erect upon an exactly horizontal plane a per-^ 
pMdicuUr 9od^ ¥,x<mi the foot of the rod, as a centre, 
witkmdii 0:f.any length, describe two or more concen- 
tric circles. The length c^ the shadow pf the rod will 
become less as the sntt becomes hiigher ; therefore there 
will be a meoMBt when ibe end point of the shadow 
will lie in tbe cifcumf<»?^»ee of the greater eifele. . Mark 
this jMNOt m the circumference. In the afternoon ttie 
length of the shadow will again increase^ and there will 
be a mommt when the end of Hns shadow will again lie 
in the circumiereiioe of the greater cirola Mark this 
point Connect by a straight line the two points thus 
foimd. Bisect this straight line, amd at the nuddle 
point etect a perpendicular. Such perpendi^ilar will 
mark the dkaction in which the shadows fall at noon ; 
it is therefore the meridian line. 6y proceeding in the 
saioe manner with the second citcle the acouracy of the 
first ol)!eerTatio& will be tested. 



Up&n a g'hen straighi Une ta degeribe a aeg- 
menl uMeh shall cmutmn a given emgle; that is, a seg* 
tnetd such thai the angle having Us vertex in Ae arCy and 
its sides standing v/pon the extremities of the segment^ 
ahall be equal to the given angle. 

Let AB be the given straight line and O the given 

a&gl«) (% 12^0 
SoL At the point A in line AB mak« an angle BAG 

equal to the given angle O. Upon AC at A erect a 

peipendioiilar. Bisect AB and at the middle print Q 
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erect a perpendicular. The two perpendiculars wffl 
intersect each other at D. From D as a centre with ra- 
dius DA describe « circle : AEB is the required segment 
Make any angle in the circumference of this segment, 
for instance, AEB ; then is angle AEB a= angle BAG = 
angle O. 

Dem. Angle DAG = 1 R. A. ; therefore angle DAG 
is <^ 1 R. A. Angle DO A = 1 R. A. ; therefore angle 
DO A 4- angle DAG <[ 2 R. A. Gonsequently the per- 
pendiculars intersect each other, (113«) 

GA = GB, GD = GD, angle DGA wangle DGB; 
therefore triangle DGA=s triangle DGB, therefore DA 
=sDB. Thus the ckcle which is described from D, 
with radius DA, passes also through B. Now AG is a 
tangent to the circle, (170 $) therefore angle AEB = 
angle GAB, (178^) which was to be proved. 



To construct a triangU of which the base, the 
cdtitude, attd the angle opposite to the base are given. 

(Pig. 128.) Let M be the base, N the altitude, and 
O the angle opposite to the base. 

Sol. Draw a straight line ; take AB ss M ; describe 
upon AB a segment capable of containing the an^ O. 
Upon AB at any point G erect a perpendicular, and in 
it take GG=N. Through G draw a line paralld to 
AB. From the points D and E where this parallel cuts 
the arc of the segment draw the straight lines DA, DB, 
EA, EB ; either of the triangles DAB and EAB is the 
triangle required. 

335. In every circle equal chords are at an equal clw- 
tancefrom the centre ; and if two chords are at an equal 
distance from the centre they are equal. 

Dem. (Fig. 130.) 1. Let ABssCD. Draw the 
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radii OA and OC. Because AB =s CD, therefore ^ AB 
= AE=iCD=OP; OA=OC; therefore the right- 
angled triangles OEA and OFC are equal, (139 5) 
therefore 0E = OF. 

2. LetOEssOF. In the right-angled triangles OEA 
and OFC we have OA = OC, and OE==OF; there- 
fore triangle OEA = OFC ; therefore AE == CF. But 
AE = J AB, and CP = i CD ; therefore AB = CD. 

338* Of two unequal chords the greater is at the 
least distance from the centre. 

Dem. (Fig. 130.) Let HI >CD; therefore GI> 

CF. Now Gl'+ G0''=0l^ and CP''+ 0P^= Oc'', 

(aaO.) Now Oi* == OC*; therefore Gr*+ GO *= CF "* 

+ op"* . But Gi* > CF* ; therefore Og'< OP * there- 
fore 0G< OF. 



Cor. The diameter is the greatest chord in a 
circle, because it is at no distance from the centre. 



To describe a circle whose circumference shall 
pass through two given points, as A and B, (fig. 129.) 

Sol. Draw the straight line AB ; this line will be a 
chord of the required circle. Bisect AB, and at the 
middle point G erect a perpendicular. A circle de- 
scribed from any point of this perpendicular with a 
radius equal to the distance between such point and A 
or B^ will pass through the points A and B. 



To describe a circle whose circumference shall 
pass through three given paints not in the same straight 
line, as A, B, and C, (fig. 131.) 

Sol. Draw the straight lines AB and BC, which will 

13 
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be chords of the required circle. At the middle of each 
of these lines erect a perpendicular. Both of these per- 
pendiculars will pass through the centre of the required 
circle, (160,) which must therefore be the point O at 
which they meet. A circle described from this point 
with a radius equal to OA or OB, will be the one 
required. 

340* We have here solved another problem, namely, 
to describe a circle about a given triangle. 

S41. To describe a circle about a regtdar polygon 
ABODE, (fig. 97.) 

Sol The sides of the given polygon will be chords 
of the required circle. Find the centre of this circle by 
erecting perpendiculars upon the middle points of these 
chords. This centre being in each perpendicular is at 
the same distance from the extremities of each chord. 
This distance is therefore the radius of the required 
circle. 

S43. To describe a circle whose circumference shall 
touch both the sides of a given angle, 

Sol Let A be the angle, (fig. 132.) In the two 
sides take AC = AD, and at the points D and C erect 
perpendiculars which will intersect each other at O. 
Prom O as a centre, with a radius OC, describe a circle, 
which will be the circle required. 

Dem. Draw OA. By construction AC a= AD ; AO 
= A0; angle ACO = ADO being right angles; there- 
fore triangle ACO= ADO, therefore 0C= OD. There- 
fore a circle described from O with a radius OC will 
pass through D and C ; and since the radii OC and OD 
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are perpendicular to the sides of the angle, these sides 
will be tangents to the circle, (ITO*) 

343. Remark, Since triangle ADO = AGO, there- 
fore angle DAO=CAO; that is, an angle is bisected by 
a line drawn from its vertex to the point of intersection 
of perpendiculars erected upon its sides at equal dis- 
tances from its vertex. 

344. To inscribe a circle in a triangle, 

Sol. (Fig. 133.) Bisect the angles A and B by 
straight lines, which will intersect at O. From O let 
fall upon the three sides of the triangle, the perpendicu- 
lars OD, OF, and OE. A circle described from O as a 
centre, with a radius OD, OF, or OE will be the circle 
required. 

De9n. Angle ADO==AFO; angle DAO = FAO; 
AOsssAO; thereifore triangle DAO = FAO; therefore 
OD = OF. 

Again, angle ODB = OEB; angle OBD = OBE; 
therefore DOB = BOE, (123 j) OB=OB; therefore 
triangle OBD = OBE ; consequently OD = OE. Thus 
OD = OE = OF, and a circle described from O, with a 
radius OD, will pass through the points D, E, and F. 
The radii are perpendicular to the sides of the triangle 
at these points, therefore the sides are tangents to the 
circle, (170.) 

34S« To describe a circle whose circumference shall 
touch the circumference of another circle at a given point 
A, a?id shall also pass through a given point C, (fig. 
134.) 

Sol. Draw OA, and produce it indefinitely. Draw 
AG and bisect it at B. At B erect a perpendicular 
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which will intersect OA produced at D. The point D 
is the centre of the required circle, and DA is a radius. 
Dem, By construction BA = BC; BD = BD; an- 
gle ABD = CBD; therefore triangle ABD = CBD; 
therefore AD = CD ; therefore a circle described from 
D as a centre, with radius DA, will pass through points 
A and C, and is therefore the circle required. 



l" VII. Of Proportions. 

1. Of Gkometrical Proportions in General. 

346* The term ratio is used to denote the compara- 
tive magnitude of two quantities ; for example, if one 
line is 2 inches long, and another line is 12 inches long, 
we say the lines are to one another in th^ ratio of 2 to 
12, or of 1 to 6 ; that is, one is six times as great as the 
other. Two equal ratios form a proportion. If any 
quantity is contained in a second quantity, as often as a 
third is contained in a fourth, these four quantities form 
a geometrical proportion. For example, (fig. 142 ;) in 
the triangles ABC and DBF, let DE=2 AB, and DF 
= 2 AC, and EF = 2 BC, we should have these propor- 
tions ; 

DE:AB=:EF:BC 

EF:BC = DF:AC 

DE:AB = DF:AC 
which we should read thus ; 

DE is to AB as EF is to BC, &c., 
meaning that the quotient of DE divided by AB is equal 
to the quotient of EF divided by BC. The first term 
of each ratio is called the antecedent, the second term is 
the consequent. The first and fourth terms of a propor- 
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tion arc called the extremes ; the second and third tenns 
are the means. If the same quantity is taken twice as 
a mean it is called a mean proportional between the 
extremes. 

A proportion is the equality of ratios ; hence two or 
more ratios are required to form a proportion. Propor- 
tion does not require the equality of the quantities, but 
the equality of the ratios; hence two lines may form a 
proportion with two surfaces ; for one line may be con- 
tained as often in the other line, as one surface in the 
other surface. 

S47. As a ratio expresses the number of times that 
one quantity is contained in another, it may be repre- 
sented in the form of a fraction. Let us substitute 
numbers fo^ lines, 1 = -^. Now let us reduce these 
fractions to a common denominator and we shall have 

4Xi2_82<6 Now omit the commoa denominator, 
6 X 12 12 X 6 ' 

and we have 4 X 12 = 8 X 6 ; that is, the product of 

the extremes is equal to the product of the means. This 

proposition is true of all proportions, and may be used 

as a test to ascertain if a proportion exists. 

348* If all the terms are of the same kind, for ex- 
ample, all lines, or all numbers, we may transpose the 
means, and yet keep the proportion ; thus, 4 : 6 = 8 : 12 
gives the new proportion 4 : 8 = 6 : 12, by transposition^ 
as it is called. Or, we may get a new proportion by 
inversion^ that is, by changing the places of the terms 
of each ratio ; thus, 6 : 4 = 12 : 8. There are other 
changes which may be made without destroying the 
proportions, and they will be mentioned as occasion re- 
quires their use. 

13* 
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2. Of Similarity of Figures. 



Figures are similar which have the same fomii 
whether they are equal or unequal in magnitude. Fig- 
itres may be similar in form, and yet be very different 
in magnitude ; or they may be equal in magnitude, and 
yet be very different in form. 

Figures are similar when their corresponding angles 
are equal j and a proportion exists between their hom>ola- 
gous sides. By homologous sides are meant those 
which have the same position in the different figures 
with respect to the equal angles. The angles which 
are equal in the different figures are also called homolo- 
gous angles. 

Neither the equality of the angles, nor the propor- 
tion of the sides, will alonQ constitute similarity of 
figures, but the combination of the two, (fig. 135.) If 
the figures ABCD and EFGH are similar, then angle 
A = E, angle B = F, angle C == G, angle D = H, and 
these proportions exist : 

AB : EF = BC : FG 

BC:FG=CD:GH 

CD:GH=±=DA:HE 

DA:HE = AB:EF 
Also, l)y transposition, 

AB:BC=EF:FG 

BO:CD==PG:GH 

CD:DA = GH:HE 

DA:AB = HE:EP 
In these figures angles A and E, B and F, C and G, 
D and H have the same position ; and the sides AB and 
EF, BC and FG, CD and GH, DA and HE have the 
same position with respect to these angles. 

The figures would not be similar if other angles, not 
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homologous, were equal, and other sides, not homolo- 
gous, were proportional. If, for instance, angle A = 
angle E, angle B = angle Q ; or if the proportion were 
AB:EF = BO:GH. 

3. Triangles. 

9SSO* What ratio do the triangles ABC and DCE, 
(fig. 136,) which lie between the same parallels, that is, 
have an equal altitude, bear one to another ? or in other 
words. How often is the surface of triangle ABC con^ 
tained in the surface of triangle DCE 1 Or, What two 
other quantities are contained as often one in the other as 
triangle ABC is contained in triangle DCE ? 

Answer. Apply the base BC to the base CE as often 
as it can be applied, suppose 2j- times, and join the 
division points F and G with the vertex D; then is 
triangle ABC = triangle DCF = triangle DFG = 2 X 
triangle DGE. Triangle ABC is contained 2^ times in 
triangle DCE ; that is, just as often as the base BC is 
contained in the base CE. Thus we have triangle 
ABC : triangle DCE = BC : CE; that is. Triangles of 
equal altitude are to each other in the ratio of their 
bases. If 2 triangles have equal altitudes, and the base 
of the one is 2, 3, 4, 10, |, | times as large as the other, 
then is the surface of the one triangle contained 2, 3, 4, 
10, J, I times in the surface of the other. 

391 • Triangles are halves of parallelograms having 
an equal base and an equal altitude, (lff3,) and 
since the ratio of the halves and of the whole quanti- 
ties must be the same, therefore parallelograms of equal 
altitude are to one another as their bases. 
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(Fig. 137.) If the triangles ABC and DBO 
have equal bases, or a commofi base EC, what is the ratio 
of triangle ABC to triangle DBC ? 

Answer. Erect upon BC, at the point B, the perpen- 
dicular BP. Through the points A and D draw lines 
parallel to BC and intersecting BF at the points E and 
F; then BE is the altitude of the triangle ABC, and 
BF is the altitude of triangle DBC. Draw EC and 
FC. Triangle ABC is equivalent to EBC, and triangle 
DBC is equivalent to FBC, (158.) We may there- 
fore compare together triangles EBC and FBC, instead 
of the triangles ABC and DBC. 

Now the triangles EBC and FBC have a common 
altitude BC ; they are to one another therefore as their 
bases BE and BF ; thus we have the proportion, 

EBC : FBC = EB : BF. 

It is a principle of geometrical proportions that equal 
quantities may be substituted one for the other. We 
have therefore the proportion, 

Triangle ABC : triangle DBC = EB : BF ; 
that is. Triangles having equal bases are to each other 
a>s their altitudes. 

9sS3« Cor. Parallelograms having equal bases are 
to each other as their altitudes. 

SS41. WhcU ratio do the triangles ABC and DEP 
(fig. 138) bear to one another, the base and altitude of the 
one being respectively unequal to the base and altitude of 
the other 7 

Answer. From the vertex of the angle A let fall 
upon the opposite side BC the perpendicular AG ; and 
from the vertex of the angle D let fall upon the oppo- 
site side EF the perpendicular DH. 
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Construct a third triangle with a base MNas BO, and 
an altitude NO = DH. 

Let us compare together the triangles OMN and ABC, 
which have equal bases, and the triangles OMN and 
DEF, which have equal altitudes. We thus find the 
ratio which two quantities each bear to a third quantity, 
and this being known, we can find the ratio which they 
bear to each other. 

Triangle ABC : triangle MNO = AG : ON. 
Triangle MNO : triangle DEF = MN : EF. 

Two proportions may be multiplied together^ term by 
term, and the products vnUform a new proportion. 

Therefore triangle ABC X triangle MNO : triangle 
MNO X triangle DEF = AG X MN : ON X EF. 

If both the terms of a ratio be divided by the sams 
number^ the ratio remains unchanged. 

Therefore ABC : DEF = AG X BC : DH X EF, 
that is, Triangles having unequal bases and unequal 
attitudes, are to one another as the products of their bases 
m/ultiplied by their altitudes, 

9sSS. From the preceding propositions may be de- 
duced the general proposition, tfvat triangles are to one 
another as the products of their bases m^tdiiplied by their 
altitudes. 

This proposition may be deduced immediately from the 
method of calculating the area of a triangle, (161.) 

m . , ATjr. BCXAG . , TM^ti EFXDH; 

Triangle ABC= 5 ; triangle DEF= -j- 1 

therefore, 

1 A on ♦ • 1 TM:tT:i BC X AG EP X DH 
triangle ABC: triangle DEF= 9 • 9"— -; 

Or, ABC:DEF = BCXAG:EFXDH. 
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SSS6. If the areas of the triangles ABO and DEP 
are equal, then BC X AG = EF X DH. We have 
here two equal products ; and the factors of such pro- 
ducts, being transposed, form a proportion. 
Thus, BC : EF = DH : AG. 
That is, If two triangles have eqticU (treas, their bases 
are to one another in the inverse ratio of their altitudes j 
and the altitudes in the inverse ratio of the bases. For 
example,. if in two triangles having equal areas, the 
base of one is double that of the other, then the altitude 
of the last must be double the altitude of the first. 

3S7« Since triangles are the halves of parallelograms 
of equal bases and equal altitudes, and halves are to one 
another as their wholes ; therefore, parallelogi'ams are to 
one another as the products of their bases multiplied by 
their altitudes; and in parallelograms having eqiuil 
areas the bases are to one another in the inverse ratio of 
the altitudes ; and the altitudes are to one another in the 
inverse ratio of the bases. 

Example. If the base of a parallelogram is 12 feet, 
and its altitude 8 feet, what is the altitude of an equiva- 
lent parallelogram, whose base is 20 feet? 

Answer. 20 : 12 = 8 :l?-^ = 4t feet 

SS8« Draw a straight line DE, intersecting two 
sides of the triangle ABC, and parallel to the third side 
BC ; what ratio do the parts into which the sides are 
divided bear to one another, and to the entire sides ? 
(Fig. 139.) 

SoL Draw DC and EB. The triangles DEC and 
EDB have a common base and an equal altitude, they 
are therefore equal in area. For the same reason tri- 
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angle EBC=rDBC. Equals added to equals give 
equals; therefore DEC + ADE c= ADO = EDB + 
ADE = AEB. 

Equal quantities bear an equal ratio to equal or the 
same third quantities; or, a third quantity bears the 
same ratio to two equal quantities. 

Thus ADE:DEC==ADE:EDB 
But ADE:DEC = AE:EC (SM») 
And ADE : EDB = AD : DB (affO) 
Therefore AE : EC = AD : DB ; that is, the parts of 
one side are proportional to the parts of the other side, 
directly. 
Again, triangle ADC t=s AEB, therefore 
ADC : ADE = AEB : ADE. 
From this we may deduce the proportion, 

AC:AE=AB:AD. 
And, because triangle ADC = AEB and triangle DEO 
= EDB, therefore 

ADC : DEC = AEB : EDB ; 
from which we may deduce the proportion, 

AC:EC=:AB:DB. 
That is. Each entire side is to one of its parts, as the 
other entire side is to its corresponding part, 

2«f9« By the transposition of the middle terms of a 
proportion, a new proportion may be formed , and thus 
in the figure under examination many more proportions 
may be proved to exist : 

Thus, AB:AD=AC:AE 

AB:AC=AD:AE 

AB:BD = AC : EC 

AB:AC = DB:EC 

BDiDA^CE :EA 

BD:CE = DA:EA 



138 COMPABISON AND MENSURATION. 



We will now seek the ratio which the base of 
the triangle bears to the parallel line intersecting the 
sides. 

(Fig. 140.) Draw EG parallel to AB. From the 
preceding proposition we get the following proportion, 

CB : CA = GB : EA 
Now GB = ED, being opposite sides of a parallelogram, 
therefore CB : CA = ED : EA 
by transposition CB : ED as CA : EA 

But CA:EA = BA:DA (aS8) 
therefore CB:ED = BA:DA 
that is, the base of a triangle is to the paraUel line inter- 
cepted by the other sides, as one of iftose sides is to that 
part of it cut off by the parallel which lies next to the 
vertex of the triangle* 

961* 7b find a fourth proportional line to three given 
lines. 

Sol. Let M, N, and O be the given lines, (fig. 141.) 
Draw two indefinite-straight lines making any angle with 
each other. In one of them take AB=sM, and BC=N. 
In the other take ADss O. Draw BD, and through C 
draw CE parallel to BD. DE is the line required. 

For, BD is parallel to CE, 

therefore AB : BC = AD : DE 

that is, M:N = 0:DE 

903. Remark I. If N and O are equal, the required 
line will be a third proportional to the lines M and N. 

2. If M and N are equal, O will be equal to the 
required line. 



If the sides of an angle are divided proportton- 
aUy, the straight lines joining the division points wiU be 
parcUlel. 
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(Pig. 141.) If AC : AB = AE : AD 
then BD is parallel to CE. 

Dem, If BD is not parallel to CE, then a line may 
be drawn which shall be parallel ; suppose it to be BX. 

then AC:AB = AE:AX 
But by supposition AC : AB = AE : AD 
therefore AD = AX, which is impossible. 
Therefore BD is parallel to CE. 

Conditions which determine the similarity of two Triangles* 

9B4* Two triangles are similar^ if two angles of the 
one are equal to two angles of the other, each to each, 

Dem. Let angle B = E, and C = P, (fig. 142.) 
Since two angles of one triangle are equal to two angles 
of the other, the third angle of the one must be equal to 
the third angle of the other, (133.) Consequently all 
the angles of the one are equal to the angles of the other, 
each to each. 

To ascertain the proportionality of the sides, let us 
suppose the triangle ABC to be placed upon DEF, so 
that AB shall fall on DE, AC on DP, and BC on GH. 
Triangle ABC = DGH, (137 j) consequently angle 
ABC = DGH, and angle ACB = DHG. But angle 
ABC = DEP, therefore DGH = DEP,) 113 j) there- 
fore GH is parallel to EP. 

Therefore DG i ^ ^^ . ^^ 

^ • DE = or ^ : DP 



or its equal AB i' 
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GH 

DE = or S : EP 

BC 

DH 

EP = or y : DP 

AC 



140 COMPARISON ANP MKN8UBATI0N. 

Thus the homologous sides of the two triangles aie 
proportional, and since the homologous angles are equal, 
the triangles are similar. 

SMS. Two triangles are similar ^ if the sides of one 
are proportiancU to the homologous sides of the other ^ each 
to eachj and the included angles are equal, 

Dem. (Fig. 142.) Suppose AB : DE = AC : DP 
and angle A = D. Place the triangle ABC upon EDF 
so that point B shall fall on G, and point C on H. 
Then is triangle ABC = DGH, (196 j) therefore BC = 
GH, angle ABC = DGH and ACB = DHG. 

By supposition AB : DE = AC : DP 
therefore DG : DE = DH : DF 
therefore GH is parallel to EF ; therefore angle DGH 
= DEF and angle DHG = DFE, (108 j) conse- 
quently triangle DGH co DEP ; therefore triangle 
ABC CO DEP. 

986. Remark. The sides which are opposite to 
equal angles are proportional; and the angles which 
are opposite to proportional sides are equal. 

267. Two triangles ABC and DEP (&g. 143) are 
similar, if the three sides of the one are proportional to 
the homologofis sides of the other, each to each, 

Dem. Since the sides of the two triangles are by 
supposition proportional, we have to seek only for the 
equality of the homologous angles. It will be sufficient 
to demonstrate that one angle of the one triangle is equal 
to the homologous angle of the other, for then, by the 
preceding proposition, the triangles will be similar. 

Upon EF at the point E make an angle FEG= ABC ; 
and at the point F make an angle EFG = ACB. Tri- 
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angles ABC and GEF are similar, (9641 j) therefore 
angle A= G. We have therefore the proportion; 

AB : BC = GE : EF 
But AB:BC = DE:EP 
therefore GE : EF = DE : EP 
therefore DE = GE. 

Again, AC : CB = GF : FE 

but AC:CB = DF:FE 

therefore GF : FE = DF : FE 
therefore DF = GF. 

Now EF = EF, therefore triangle GEF = DEF; 
therefore angle GssssD. But angle GsssA; therefore A 
= D. Consequently ABC co DEF. 

968. Remark. In the triangles ABC and DEF the 
proportional sides are opposite to the equal angles. 



From the preceding propositions we learn that 
the similarity of two triangles may be inferred ; 

1. If two angles of the one are equal to the homolo- 
gous angles of the other, each to each. 

2. If two sides of the one are proportional to the 
homologous sides of the other, and the included angles 
equal. 

3. If the three sides of the one are proportional to the 
homologous sides of the other. 

We also learn that in similar triangles the equal 
angles are opposite to the proportional s»des, and the 
proportional sides to the equal angles. 

4. Miscellaneous Propositions. 

970. To construct upon the base BC a triangle which 
shall be similar to a given triangle, DEF, (fig. 143^) 
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Sol. At the point B in the line BC make an angle 
ABC equal to FED, and at the point C make an angle 
ACB = EFD; then are triangles ABC and EFD simi- 
lar, (964.) 

971. To determine the distance AB, (fig. 144,) which 
cannot be directly measured, 

Sol Mark out a straight line AC, and take in it any 
point D. Measure angle A, and at D make the angle 
CDE = A. Produce DE until it meets a supposed lino 
in the direction CB at the point E. We shall thus have 
triangle CDK Since angle As=D therefore DE Is 
parallel to AB ; therefore CD : CA = DE : AB. 

The three lines CD, CA, and DE may be measured; 
and therefore we can find AB. For example, if CD 
= i CA, then DE = ^ AB. Take the length of DE 
four times and we have AB. 

973. To prepare a scale of equal partSy (fig. 145.) 
This is a scale upon which straight lines or lengths 
are divided into a certain number of equal parts. It is 
used in drawing upon paper representations in a reduced 
size of lines and figures. Suppose it is required to draw 
a plan of a field having five sides ; that is, to construct 
a pentagon similar to the field. It would not be con- 
venient to construct upon paper a pentagon whose sides 
should be equal to those of the field; neither is it 
necessary so to do ; we have only to make the angles 
upon paper equal to the corresponding angles in the 
field, and to draw the sides upon paper in the same ratio 
to each other as the sides of the field. Any length may 
be taken to represent a rod or a foot. Suppose one side 
of a field is 10 feet 9 inches in length, and that the dia- 
gram is to be made upon a scale of one foot to an inch ; 
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that is, one inch on paper is to be taken as equal to one 
foot in the field. Measure between the points of the 
compasses a distance equal to 10 inches, and this will 
represent the 10 feet, then if the inches on the scale are 
divided into 12 equal parts, extend the opening of the 
compasses by a distance equal to 9 of these parts, for 
each of the parts represents one inch. Draw upon 
the paper an indefinite line, and take in it a part 
equal to the opening of the compasses. The use of a 
scale of equal parts is to enable us to construct small 
figures similar to great figures. To construct a scale 
of equal parts, some one unit of length, for example an 
inch, is taken as the basis, and several of these units 
are marked upon the rule, or the paper on which the 
scale is to be made. One of the extreme divisions is 
again divided into many equal parts. The unit as- 
sumed as the basis is generally small, and great accuracy 
is necessary in the division ; if the division was made in 
the common mode, the marks would be so near one to 
another as not easily to be distinguished. A mode of 
division founded on the proportion of the sides of 
similar triangles has been adopted. In a straight line 
AB, (fig. 145,) take the parts AC, CD, DB, each equal 
to the unit of length assumed as the basis of the scale. 
Divide AC into 10 equal parts ; then if AC = 1 inch, 
each of these parts will equal ^^ of an inch. Now to 
get the hundredths of an inch, construct upon AC any 
rectangular figure, for example the square AFMC. 
Divide each of the sides into 10 equal parts. Through 
the points of division of the lines AF and CM draw 
straight lines parallel to AC. Connect the division 
points of the lines AC and FM by diagonal lines ; that 
is, connect 10 in one line with 9 in the other ; 9 in one 
line with 8 in the other, &c. By the construction MN 
= tV AC, i^^ 
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therefore MN :OP = MC:OO=10: 9; 

that is, OP = A MN, 

MN:QR=MC:aC = 10:8; 

that is, QR = A MN. 

In like manner it may be demonstrated that ITY has 
7 of the parts of which MN has 10. Thus the extent 
MN is divided into 10 equal parts, and any one of these 
parts may be taken between the points of the com- 
passes with the greatest ease. If AC = 100 feet, and 
we have a line 255 feet in length to be marked off; then 
extend the points of the compasses from 2 of the larger 
divisions to 5 on the 5th line of the subdivisions, that is 
on line GH. 

Let us suppose a field ABODE, (fig. 157,) is to be 
represented upon paper by a scale of 100 rods to an 
inch. We must first measure each of the sides and an- 
gles of the field. Suppose the side AB is 100 rods long ; 
draw the line a b one inch long, and it will represent the 
side AB. At h make, with a protractor, an angle equal 
to angle B, and this will give us the direction of the 
next side b c, which, if BC is 120 rods in length, will be 
1 inch and -^ of an inch. At c make an angle equal to 
C, and we shall thus get the direction of the next side. 
Proceed in this manner till the construction of the 
figure is completed The figure a b c d e will be an 
accurate representation of the field ; for, by construction, 
the angles of the one are equal to the homologous angles 
of the other ; and the sides of the one are proportional 
to the homologous sides of the other. Therefore the two 
are similar figures. 

SI73. To Jind the perpendicular height BGofa tower, 
when it cannot be directly me<isured, (fig. 146.) 
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SoL 1. Measure upon the base of the tower the hor- 
izontal line AB. Draw upon paper the line ED repre- 
senting AB upon a reduced scale. Measure the angle 
BAG, and make upon the paper the angle EDF = 
BAG. Erect at E the perpendicular EP. The triangle 
DEP is similar to ABG, (S64I,) because by construc- 
tion angle EDP = BAG, and DEP = ABC ; 
therefore DE : EP = AB : BC. 
But DE, EF, and AB are known quantities, therefore 
BC may be known. If DE = J EP, then AB = f BC 
and BC = ^ AB ; suppose AB = 60 feet ; then BC »» ^ 
X 60 = 80 feet. 

SoL 2. Set up in the clear sunlight a perpendicular 
staff EF, (fig. 146.) Measure the length of the shadow 
ED which it casts. Measure also the length of the 
shadow which the tower makes at the same time. The 
rays of the sun's light may be considered as parallel ; 
therefore, these rays, that is, the lines CA and PD 
make equal angles with the horizontal lines BA and 
ED ; that is, angle CAB = PDE. Now angle CBA =x= 
FED, being right angles; therefore triangle CBAco 
FDE, 

therefore DE : EP = AB : BC, 
the height of the tower. That is, the length of the 
shadow of the stafif is to the height of the staff as the 
length of the shadow of the tower is to the height of the 
tower. 

374* To find from the windows of a house the height 
of a?i object, (fig. 147.) 

Let A and B be the windows, one of which is perpen- 
dicularly over the other, and CG the height to be found. 

SoL Measure from A, the angle CAE, which an 
imaginary line CA drawn from the top of the object 
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makes with the unaginary horizontal line AE. Mea- 
sure from B the angle GBD, made by the imaginary 
line CB with the imaginary horizontal line BD. 

Now angle 
CAB=0AE + EAB = CAE + 1 R. A.= CAE + 90o; 
and angle 
ABC = ABD — CBD = 1R.A. — CBD=90» — CBD. 

Now we know the angles CAE and CBD, and there- 
fore CAB and ABC may also be known; thus in the 
triangle ABC, the side AB and the two adjacent angles 
are known ; therefore we can construct a similar trian- 
gle ; and thus find the length of BC. We shall then 
know in the triangle BCD, the side BC and the angles 
CBD and CDB, (which is a right angle.) By means 
of these we can find the length of CD. Again, mea- 
sure from B the angle DBG, made by DB with an 
imaginary line GB, drawn from the bottom of the object 
to the point B. In the triangle DBG the side DB and 
its adjacent angles are known; we can therefore find 
the length of DG. Add DG to CD and we shall have 
the whole height required. 

37S. To find the height of an object which cannot be 
approached very nearly; for example CD, (fig. 148.) 

Sol In the direction AD, measure the line AB. 
Measure also the angle CAB and CBD. By means of 
the scale of equal parts draw upon paper the line EF to 
represent AB. Make the angle FEG = CAB. Pro- 
duce FE and make the angle GFH = CBD. From 
the point G let fall the perpendicular GH. 

Triangle EFG co ABG, therefore we have the pro- 
portions, 

EF:FG = AB:BC, 



PROPORTIONS. 147 

which gives us the length of BC, 

and FG:GH = BO:CD, 

which gives us the required height. 

376* To find the distance AB between two inacces-- 

sible objects^ (fig. 149.) 

Sol. Take a straight hne CD, from each end of 
which both objects A and B can be seen. Measure the 
hne CD, and also the angles ACD, BCD, ADC, BDO. 

In the triangle ACD, the -side CD, and the adjacent 
angles are known, we can therefore construct a similar 
triangle upon paper and thus find the length of DA. 

In like manner we can find the length of DB, since 
we know the side CD and its adjacent angles in the 
triangle BCD. 

Angle BDA = BDC — ADC, we know therefore two 
sides and the included angle of the triangle ADB. 
From these parts we can construct upon paper a tri- 
angle similar to ADB, and by comparing it with tri- 
angle ADB can find the length of AB; which was 
required. 

S77. To divide a straight line into any number of 
equal parts. 

We have frequently had occasion to divide lines into 
equal parts, and have done so directly with the com- 
passes. We will now do it by a method which admits 
of the accuracy of the division being demonstrated. 
Suppose it is required to divide the straight line AB into 
5 equal parts, (fig. 150.) 

Sol. Draw the indefinite line AM, making any angle 
with the given line AB. Take any distance AC, and 
measure it off 5 times upon the leg AM. We shall thus 
have AC = CD = DE = EF = FG. Join the last divi- 
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sion point G with B, and through the other division 
points C, D, E, and F, draw straight lines intersecting 
AB and parallel to GB. AB will be divided into 5 
equal parts at the points of intersection H, I, K, and L. 
Dem. Since CH is parallel to DI, we have the pro- 
portion, 

AC : CD = AH : HI, (aSS,) 
AC = DC, therefore AH = HI. Again, DI is parallel 
to EE, therefore 

AD : DE = AI : IK, (a58.) 

AT 

Since AD = 2 DE therefore AI = 2 IK. But ^= 

HI = IK ; thus AH = HI = IK. By proceeding in a 
like manner, it may be demonstrated that AH = HI =s 
IK = KL=LB. 

978. From the vertex of the right angle of the right- 
angled triangle ABC, (fig. 151,) let fall upon the hy- 
pothenuse the perpendicular AD. 

The following propositions can now be demonstrated. 

1. The two partial triangles ABD and ADC are 
similar to each other and to the whole triangle ABC. 

Dem. Angle BAC cr=: BDA, being right angles ; an- 
gle B s= B, therefore triangle ABC co ABD. It may be 
demonstrated in a like manner that triangle ADC co 
ABC, therefore ADC co ADB. 

2. Ea^ of the sides AB and AC is a mean propor- 
tional between the whole hypothenuse and the portion of 
it, cut off by the perpendicidar, which is adjacent to that 
side, 

Dem. In similar triangles the sides opposite to equal 
angles are proportional. In the triangles ABD and 
ABC, angle BAD = ACB ; thus BD and BA are homo- 
logous sides, and since angle BDA = BAC, therefore 
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BA and BC are homologous sides. Hence we have 
this proportion, 

BD:BA = BA:BO. 
From the similarity of the triangles ADC and ABC 
we have the proportion, 

CD:CA = CA:OB. 
3. The perpendicular AD is a mean proportional 
between the two parts into which the hypothenuse is 
divided. 
Dem, Triangle ADB co ADC, therefore, 

BD: AD = AD:DC; 
which was to be demonstrated. 

379. To find a mean proportional between two given 

straight line^ M and N, (fig. 152.) 

Sol 1. In an indefinite straight line take AB = M 
and BC = N. Upon the whole line AC as a diameter 
describe a semi-circumference. At the point B erect a 
perpendicular intersecting the arc at D. BD is the 
mean proportional required. 

Dem. Draw the chords AD and DC; angle ADC is 
a right angle, (174 j) therefore we have this propor- 
tion, (278,) 

AB or M : DB = DB : BC or N ; 
which was to be demonstrated. 

Sol 2. Take AC = M, and in this line take AB =i 
N. Upon AC as a diameter describe a semi-circumfer- 
ence. At B erect a perpendicular which will intersect 
the arc at D. Draw AD, which will be the line re- 
quired. For triangle ADC co ADB, therefore 
AC or M : AD = AD : AB or N; 
which was to be demonstrated. 

380. Remark, We have here solved another prob- 
lem, namely, to transform a rectangle into an equivalem 
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square. For in the first solution we have BD X BDss 

BD ^ M X N, (947 j) that is, the square constructed 
upon BD is equivalent to a rectangle of which M and 
N are adjacent sides. In the second solution we have 

AD^'r^MxN. 

381« What is the ratio of the perimeter of a triangle 
ABC to the perimeter of the similar triangle DEF ? 
(fig. 153.) 

Sol. Triangle ABC co DEF, therefore 

AB;BC = DB: EF. 
In every proportion the sum of the 1st and 2d terms is 
to the 2d term as the sum of the 3d and 4th terms is to 
the 4th term ; a new proportion is thus formed by comr- 
position. 

Therefore AB -f BC : BC = DE + EF : EF 
by transposition 

AB + BC : DE-f EF«=BC : EF 

But BC : EF = CA : FD 

therefore AB + BC : DE+EF = CA : FD 
by transposition AB + BC : CA = DE+EF:FD 
by composition 

AB + BC + CA : CA=DE + EF + FD : FD 
by transposition 

AB + BC + CA : DE + EF + FD=OA : FD. 
That is, the perimeters of similar triangles are to one 
another as their homologous sides, 

383. What is the ratio of the surface of the triangle 
ABC to that of the similar triangle DEF ? 

Sol, Suppose triangle ABC to be placed upon DEF, 
so that its sides shall exactly coincide with those of the 
triangle GEH. Then triangle ABC would be equal to 
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GEH. We may therefore substitute GEH for ABO in 
our comparison. 

Angle DFE= GHE, therefore GH is parallel to DP, 
(113.) Draw GF; we thus have a third triangle 
GEE. 

Triangle GEH : triangle GEF = EH : EF (3fl») 
triangle GEF : triangle DEF = EG : ED (2450) 
- But EG: ED = EH: EF; 

therefore 
triangle GEF : triangle DEF = EH : EF. 

Two proportions may be muUipUed together^ term by 
term, and a new proportion will thtts beformM, 

From the preceding proportions we have 
GEHxGEF : GEFxDEF = EHxEH : EFxEP. 

The terms of either ratio may be divided by the same 
quantity, without destroying the proportion ; hence we 
have 



GEH : DEF = EH : EF 



Triangle ABC = GEH, and EH =BG ; therefore 

triangle ABC : triangle DEF = BC^ : EP^ ; 
that is, the surfaces of similar triangles are to each other 
as the squares of their homologotis sides. For example, 
if BC = i EF then triangle ABC = i DEF. 

If the homologous sides of two similar triangles are 
to one another 

as 1 to 3, the surfaces will be as 1 to 9 
2 ''7 " " 4 " 49, &c. 

JI83. The homologous sides of similar triangles are 
to otie another as th^ square roots of the surfaces of the 
same triafigles. 

If the surfaces of two similar triangles are to one an- 
other 

15 
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as 1 : 4, the homologous sides will be as 1 : 2 
1:9 " " " 1:3 

36:100 « " " 6:10, &c. 

5. Polygons in General. 

284. If the polygons ABODE and a b c d e, (fig. 
154,) are similar to each other, angle A = angle a, angle 
B = 6, &c., &c. ; the two polygons will be divided by 
homologous diagonals into similar triangles; that is, 
ABC a> ab c ; ADC c/^ adc, and ADE co a d e, 

Dem. Angle ABC = abc and the sides AB and BO 
are proportional to the homologous sides a b and b c, 
therefore tringle ABO co a b c. 

Again, triangle ABO c/>ab c, therefore angle AOB = 
acb; angle BOD =ibcd; therefore angle BOD — AOB 
= AOD = b c d — ac b = a c d. Since triangle ABO 
coa b c, 

therefore BO : 6 c = AC : a c 
by supposition BO : bc = CD : c d 
therefore AC : ac= CD : c d 
consequently triangle AOD co a cd» In a like manner 
it may be demonstrated that triangle AED coaed. 

28«. (Fig. 154.) If the triangle ABC coabc, AOD 
o9 a c d and AED coaed, and these triangles are placed 
together in a similar order, so that the sides and angles 
of one set shall correspond in position with the equal 
angles and proportional sides of the other set, then the 
entire figure ABODE will be similar to the entire figure 
a b c d e. 

Dem, Triangle ABO co a 6 c ; AOD ayacd; ADE 
CO a d e; consequently angle ABC = ab c ; angle BOA 
T^bca; angle AOD = a erf/ therefore angle BOA-f- 
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ACD == BCD = ang\ebca-]'acd=:bcd. The equal- 
ly y of the other homologous angles in the two polygons 
can be demonstrated m a similar manner. 

Since the triangles are similar, we have the following 
proportions among the sides ; 

AB:ab=BG:bc 

BC:bc = CA:ca 

CA : ca = CT):cd 

therefore BC : 6 c = CD : c d 

Again CD:crf=DA:rfa 

DA:rfa=DE:rfc 

therefore CD : c d = DE : d e 

Again DE : d e = EA : e a 

EA: ea = AD:ac{ 

= DC:dc 

= C A : c a 

z=zAB:ab 

(/onsequently in the two polygons not only are the 

homologous angles equal, but the homologous sides are 

proportional, therefore the polygons are similar. 

S86. (Fig. 155.) To construct upon ike line 
FG a figure which shall be similar to a given figure 
ABCDE. 

Sol 1. Divide ABCDE by diagonals into 3 trian- 
gles; then beginning upon the line FG, construct 3 
triangles similar to those of the polygon, and similarly 
disposed. For example, suppose FG to be homologous 
to AB, and upon it construct a triangle similar to ABC; 
then upon the side of this triangle which is homologous 
to side AC, construct a triangle similar to ADC; then 
upon the side of this second triangle which is homolo- 
gous to side AD, construct a triangle similar to ADE^ 
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and this will complete the figure, which will be similar 
to ABODE. 

Sol 2. Produce AB to H, taking AH = FG. 
Produce the diagonals AC and AD, and the side AE. 
Draw HI parallel to BC, IK parallel to CD, KL par- 
allel to DE. The required figure will be constructed. 
If F6 is less than AB, so that the point H falls be- 
tween the points A and B, the problem would be solved 
by drawing lines parallel to the sides of the given 
figure. 

587. To constrtict a diagram of a field upon a re- 
duced scale. 

If the field can be measured in all directions from 
the inside, then divide it by diagonals into rectilineal tri- 
angles and measure all the sides of these triangles. 
Represent these triangles upon paper on a reduced 
scale in the same relative position that they occupy in 
the field, and thus the problem will be solved. 

If the field cannot be measured from the inside, (as a 
piece of woodland,) but can be readily reached upon the 
outside, then measure all the sides of the perimeter, and 
all the angles. Draw the sides on a reduced scale upon 
paper, joining them together in their natural order, so as 
to form together the measured angles. 

588. Suppose ABCDE coa b c d e, what is the ratio 
of AB + BC + CD + DE + EAtoaA + 6c4-cd + 
de-{-ea? (fig. 154.) 

Answer. 
AB : a6=BC : ic = CD : crf=DE : rfc = EA : ea. 

This is called a continued proportion, being a series 
of equal ratios. 

In every continued proportion the sum ofaU the ante^ 
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cedents is to the sum of all the consequents as ofie ante^ 
cedent is to its consequent 

Therefore AB + BC + CD+DE + EA : a6 + 6c + 
cd + de-^-ea^ss^ABiab = BC : be; that is, the pe^ 
Hmeiers of similar figures are to each other as their ho^ 
mologous sid£S. 

389. What ratio does the surface of ABODE bear to 
that of abed e? (Fig. 154.) 

SoL Divide the similar figures ABODE and abcde 
by homologous diagonals into similar triangles. We 
then have. 

-2 — 2 



triangle ABO : triangle abc=z AC : a c (382) 

2 — 2 

triangle AOD : triangle acd= AC : ac 

therefore, • 
triangle ABO : trianglea6c=: triangle AOD : triangle acd. 
Again, 

2 2 

triangle AOD : triangle acd = AD : ad 

— 2 a 

triangle ADE: triangle ade=AT> : ad 

therefore, 
triangle AOD: triangle a crf= triangle ADE: triangle ade. 

Because 
triangle ABO: triangle a ic=: triangle AOD: triangle 

a c (2= triangle ADE : triangle ade 

therefore, 
triangle ABO -[- triangle AOD + triangle ADE : triangle 

abc-^ triangle a c rf + triangle ade=^ triangle ABO : 
triangle a 6 c= triangle ADO: triangle a rfc= triangle 

2 2 2 2 

ADE : triangle ac26= AB : ad=sBO : be , &c., that 
is, The surfaces of similar figures are to each other as 
the squares of their homologous sides. 

15* 



166 COMPARISON Am) MENSURATION. 

990. Upon ike 3 sides of a right-angled triangle 

construct similar figures^ in tohich the sides of the triangle 

s/taU be similarly disposed^ then the figure constrvcted 

upon the hypothenuse will be eqtial to the sum of the fig^ 

ures constructed upon the two sides which include the 

right angle. Figure C = fig. A + fig. B, (fig. 156.) 

— 3 — a 

Dem. Figure A : fig. B = side a : side b , 

—2 —2 -—2 

therefore A-f"B-B = a -^ b : b 

^2 —2 

Again, B:G = b : c 

^2 — 2 — 2 

therefore A + B:C=a -^-b : c ; 

—2 —2 —2 

a -{- 6 = c , therefore A -[- B = C. 

901. To construct a figure which shall be similar to 
two given similar figures ABODE and abode, and shall 
be equivalent to both taken together, (fig. 167.) 

Sol, Make a right angle. Take one of the sides /g^ 
equal to a side AB of one of the given figures, and the 
other side fh equal to the homologous side, a b, of the 
other given figure. Draw the hypothenuse h g, and 
upon this line A g construct a figure similar to ABCDE 
and abode, and in which the side hg shall be homolo- 
gous to the sides AB and ab. It has been demon- 
strated in the preceding proposition that the figure con- 
structed upon hg will be equivalent to both the figures 
constructed upon the sides fh and fg, or their equals 
AB and a b, taken together. 

5. Circles. 

393« If two chords cut eadi other in a circle, the 
parts are reciprocally proportional, (fig. 168.) 

The part AE of the chord AB is to the part CE of 
the chord CD, not as the second part EB of the first 
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chord is to the secoqd part ED of the other chord, but 
reciprocally as ED : EB ; that is, AE : CE = ED : EB. 
Dem. Draw DB and AC. We have angle AEC = 
BED; angle ACE =EBD; angle CAE=EDB; there- 
fore triangle ABC co triangle DEB ; therefore 

AE:EC = ED:EB, 
for they are homologous sides of similar triangles. 

SOS. If ttoo chords being produced cut each other^ 
then the entire lines wiU be reciproccdly prt^ortioncU to 
the parts withotU the circle^ (fig. 159.) 

OA:OC = OD:OB. 
Dem. Draw AD and BC. Angle AODsss angle 
COB ; angle OAD = angle OCB ; therefore triangle 
OAD CO triangle OCB ; therefore 

OA:OC==:OD:OB. 
The entire lines AO and CO are called secants. 

394. If the secant AC meets the tangent CD of the 
same circle^ then is the tangent CD a mean proportional 
between the entire line AC and the part without the circle^ 
(fig. 160.) 

Dem. Draw DB and DA. Angle DCB = angle 
DC A. The angle CDB = CAD, (178,) therefore the 
triangles CDB and CAD are similar. Consequently 
the homologous sides are proportional; that is, 

CA:CD=CD:CB. 

SOS. Rai;io of the circumferences and of the stirfaces 
of two circles. 

Every circle can be considered as a regular polygon 
with an infinite number of sides. Two circles can 
dierefore be considered as regular polygons having an 
equal number of sides. Regular polygons having an 
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equal number of sides are similar, and therefoie the 
circles can be treated as similar figures. The circumfer- 
ences and surfaces of circles will be to one another as 
the perimeters and surfaces of similar polygons are to 
one another, viz., as their homologous sides and the 
squares of those sides. The homologous sides of two 
circles are two chords subtending equal angles, by join- 
ing the extremities of which to the centre of the circle 
similar triangles will be formed. Therefore the two 
small chords will be to each other as the radii of their 
respective circles. Consequently the circumferences of 
two circles are to one another as their radii or diameters ; 
and their surfaces as the squares of the radii or of the 
diameters. 

If the radii of two circles are to each other as 
1 to 2 the circum'nces will be as 1 : 2 the surfaces as 1 : 4 
1 " 3 " " 1:3 " 1:9 

1 " 4 " " 1:4 " 1:16 

2 ct 3 a a 2:3 " 4:9 
Conversely, the diameters and radii of two circles are 

to one another as the square roots of the surfaces. 

396* To describe a circle the surface of which shall be 
equivalent to the surfaces of ttoo given circles taken to^ 
gether. 

Make a right angle; let one of the sides be equal to the 
diameter of one circle, and the other side be equal to the 
diameter of the other circle ; draw the hypothenuse, and 
upon it as a diameter describe a circle, and this circle will 
be equivalent to the two given circles taken together. 
For all circles are similar figures, consequently the circle, 
whose diameter is the hypothenuse of a right-angled tri- 
angle, will be equivalent to both the circles whose diam- 
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cters are the sides which enclose the right angle taken 
togther. 

6. Solids. 

397« Raiio of two cubes. 

The solidity of a cube is the product of three equal 
factors, each of which is the measure of a side of the 
cube ; therefore the solidities of two cubes will be to each 
other in the ratio of these products ; that is, ttiey will be 
to each other (is the cubes of their sides. If the side of 
one cube is to the side of another cube as 

1 : 2 then their solidities will be as 1:8 
1:3 " " " 1:27 

1:4 " " " 1:64 

3:4 « " " 27:64 

Con versely, the sides of two cubes are to each other as 
the cube roots of their solidities. 

308. Ratio of two cylinders or prisms. 

The solidity of a cylinder is the product of its base 
multiplied by its altitude. Consequently the solidities 
of two cylinders are to one another in the ratio of these 
products. If the altitudes of two cylinders be equal, 
the cylinders are to each other as their bases. If the 
bases be equal, they are to each other as their altitudes. 
If the solidities of two cylinders are equal, their bases 
are to each other reciprocally as their altitudes. 

399« Ratio of the superficial and of the solid contents 
of two spheres. 

Since the surface of every sphere is equal to 4 times 
the surface of a great circle of that sphere, therefore the 
surfaces of two spheres are to each other in the ratio of 
4 times the surfaces of their great circles, or in the ratio 
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of their great circles, and consequently in the ratio of 
the squares of their radii, or of their diameters. 

From what has been said before, it follows (308,) 
that the solidity of a sphere whose diameter is D, is 
equal to the product of D X D X D X .523. The 
solidity of a sphere whose diameter is c? is equal to the 
product of dxdxdx .523. Consequently, the solidity 
of the two spheres will be to each other as D X D X D 
X .523 '.dxdxdx .523 ; that is, the solidities of two 
spheres are to each other as the cubes of the diameters of 
the spheres^ and, consequently, as the cubes of the radii. 

If the diameter of one sphere is 

1 and of another 2 their solidities are as 1 : 8 
1 " 3 " 1:27 

5 '• 6 " 125:216 

Conversely, the diameters of two spheres are to each 
other as the cube roots of the solidities of the same spheres. 
It would be a great mistake, therefore, to infer that the 
surface or the diameter of the sun is 1,400,000 as great 
as that of the earth, because the sun is 1,400,000 as 
great as the earth. 

300. Ratio of the solidity of a sphere to tlie solidity 
of a circnm^scribed cube; that is, a cube the sides oi 
which are each equal to the diameter of the sphere. It 
is evident that the solidity of such a cube would be 
greater than the solidity of the sphere, since the faces of 
the cube would be tangents to the sphere, and thus the 
sphere would be contained in the cube. What ratio will 
the solidity of the one body bear to that of the other? 

Sol. Let us call the diameter of the sphere rf, then 

will the solidity of the sphere = — - x -7^— ? ^^^ the 
srlidity of the cube = drfrf; consequently the solidity 
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of the sphere will be to the solidity of the cube of its 

diameter as ?^ X ^: ddd = 3U : 600 = 157 : 300. 

100 6 

301. Ratio of the solidity of a sphere to the solidity 
of a circumscribed cylinder; that is, a cylinder whose 
altitude is equal to the diameter of the sphere, and 
whose bases are equal to great circles of the sphere. 

Call the diameter of the sphere d; then will its solid- 

3U^ddd ^, ,.,., - . ,. , 314 ^ 
ity = 1^ X -g- ; the solidity of the cylinder =-— X 

— J-; consequently the solidity of the sphere is to the 

solidity of the circumscribed cylinder, as 
3U ddd 3U ddd_ 

ioo^T"'Ioo^T"~ • 
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